L1: lmix(5280ft/mi)x (12 in/ft)x (2.54cm/in.)»« (1 km/10° cm)- 1.61km 
Although rounded to three figures, this conversion is exact because the given conversion 
from inches to centimeters defines the inch. 


4 3 3 
13: Quos |i T din D on mis. 
IL 2.54cm 


1.3: The time required for light to travel any distance in a vacuum is the distance 
divided by the speed of light; 
105 m 
3.00 x 10 m/s 


A 3 
lk 00 
14: 11.3 = EO PE] asen E, 

cm |1000 g lm m 


—3,333x10s = 3.33» 10^ ns. 


15:  (327in)«(2.54em/in (11/1000 am? )- 5.361. 


is ine 000 £) 1 gal 128 oz. | (1 bottle 
+6: m x Lx x x : 
In’ / \3.788L; \ ligal 16 oz. 


= 2111.9bottles = 2112 bottles 


The daily consumption must then be 
bottles " lyr -5.78 bottles 
yr 365.24 da 


2.11 x 10° 


1.7: (1450 mi/hr (1.61 km/mi)= 2330 km/hr. 
2330km/hr x ( r m/km )« (1 hr/3600s)= 648 m/s. 


1.8: 180,000 uni » 1 mile " 1 fortnight * l day _ 67 B 
forinight | 8 furlongs 14 day 24h h 


1.9: iso. Lodi » US. = 35.328. 
1.609 km Igal | gal 
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1.13: 


1.15: 


á go i lh 5280 ft Lgs E 
hr 36005 Imi S 


b) (25) M— Im )-984 
S 1ft 100cm S 


5 
oro Emm lke -jp ER 
cm im 1000 g m 


The density is mass per unit volume, so the volume is mass divided by density. 
V = (60x10 g/(19.5g/cm’ )- 3077 cm’ 


Use the formula for the volume of a sphere, P = i nr, 


to calculate r:r = (3V/4z) ^ — 9.0cm 


(3.16x10* s— x10" s)/(3.16x10" s)x100 = 0.58% 


10m 


oe ae ee 
x m 


a) 


b) Since the distance was given as 890 km, the total distance should be 890,000 
meters. 

To report the total distance as 890,010 meters, the distance should be given as 

890.01 km. 


a) ü 2 mm)» (5.98 mm) — 72 mm’ (two significant figures). 
b)32=2 = 0.50 (also two significant figures). 

c) 36mm (to the nearest millimeter). 

d) 6mm. 

e) 2.0. 


a) If a meter stick can measure to the nearest millimeter, the error will be about 


0.13%. b) If the chemical balance can measure to the nearest milligram, the error will be 
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about 8.3x10 794. c) If a handheld stopwatch (as opposed to electric timing devices) can 
measure to the nearest tenth of a second, the error will be about 2.8 x10 ?94. 


1.16: The area is 9.69 + 0.07 cm’, where the extreme values in the piece’s length and 
width are used to find the uncertainty in the area. The fractional uncertainty in the 


area is Ziem. = = 0.72%, and the fractional uncertainties in the length and width are 


20e. — 0.20% and. = = 0.53%. 


5.10cm 


1.17: a) The average volume is 


2 
r&sto) (o osos). 2.8cm* 


(two significant figures) and the uncertainty in the volume, found from the extreme 
values of the diameter and thickness, is about 0.3 cm? , and so the volume of a 

cookie is 2.8 + 0.3cm^. (This method does not use the usual form for progation of errors, 
which is not addressed in the text. The fractional uncertainty in the thickness is so much 


greater than the fractional uncertainty in the diameter that the fractional uncertainty in the 
volume is 1095 , reflected in the above answer.) 


b) £2=170+20. 


1.18: {Number of cars x miles/carday)/mi/gal = gallons/day 
(2 x 10° cars x 10000 mi/yr/car x 1 yr/365 days)/(20 mi/gal) = 2.75 x 10° eal/day 


1.19: Ten thousand; if it were to contain ten million, each sheet would be on the order 
of a millionth of an inch thick. 


1.20: If it takes about four kernels to fill 1 cm’, a 2-L bottle will hold about 8000 
kernels. 


1.21: Assuming the two-volume edition, there are approximately a thousand pages, and 
each page has between 500 and a thousand words (counting captions and the smaller 
print, such as the end-of-chapter exercise and problems), so an estimate for the number of 
words is about 10°. 
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1.22: Assuming about 10 breaths per minutes, 24x60 minutes per day, 365 days per 
year, and a lifespan of fourscore (80) vears, the total volume of air breathed in a lifetime 
is about 2x10? m^. This is the volume of a room 100m»100m x 20m, which is kind of 


tight for a major-league baseball game, but it’s the same order of magnitude as the 
volume of the Astrodome. 


1.23: This will vary from person to person, but should be of the order of 1x 10^. 


1.24: With a pulse rate of a bit more than one beat per second, a heart will beat 10? 
times per day. With 365 days in a year and the above lifespan of 80 years, the number of 


beats in a lifetime is about 3x 10^. With T L (50 em’) per beat, and about P gallon per 
liter, this comes to about 4» 10" gallons. 


1.25: The shape of the pile is not given, but gold coins stacked in a pile might well be in 
the shape of a pyramid, say with a height of 2m and a base 3m x3m. The volume of 


such a pile is 6 m°, and the calculations of Example 1-4 indicate that the value of this 
volume is $6x10*. 


1.26: The surface area of the earth is about 4xR^ = 5x 10^ m?, where R is the radius of 
the earth, about 6x10 m , so the surface area of all the oceans is about 4«10'* m°. An 
average depth of about 10 km gives a volume of 4x10 m? = 4x 10" cm^. Characterizing 
the size of a "drop" is a personal matter, but 25 drops/cm? is reasonable, giving a total of 
10° drops of water in the oceans. 


1.27: This will of course depend on the size of the school and who is considered a 
"student". A school of thousand students, each of whom averages ten pizzas a year 
(perhaps an underestimate) will total 10^ pizzas, as will a school of 250 students 
averaging 40 pizzas a year each. 


1.28: The moon is about 4x10* m — 4x10" mm away. Depending on age, dollar 
bills can be stacked with about 2-3 per millimeter, so the number of bills in a stack 
to the moon would be about 10!°. The value of these bills would be $1 trillion (1 
terabuck). 


1.29: (Arsa of USAY Are ed unas pilis 


(9,372,571 km? »10* m*/km"y(15.6 cm» 6.7 cm» 1 m*/10* cm? )- 9x10" bills 
9x10" bills/2.5 10° inhabitants —$3.6 million/inhabitant. 


1.30: 

AL ———— 

r a ee —————— 
(a) (b) (c) 
1.31: 
Jr 
uf 
94 


7.8 km, 38 * north of east 
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1.32: 


zt ? 
» 
j 
P 
f 
BY i-H 
" RE + Y 
"d ! 
D | 
ad ! 
P d ! 
Pd ! -— 
P d i d 
oe IO 
A 
-B,7 AB 
ott. al 


a) 11.1 m@ 77.6 
b) 28.5 m @ 202° 
c) 11.1 m @ 258° 
d) 28.5 m @ 22° 


1.33: 


144 m, 41° south of west. 
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1.34: 


( —15.6 km, 15.6 km) (4.7 m, $I m) 


(3.82 em, —5.07 em) 


135: A;4, = (12.0 m)sin 37.0" = 72 m, 4, = (12.0m)cos 37.0° = 9.6 m. 
B; B, = (15.0 m)cos 40.0° = 11.5 m, B, = -(15.0m)sin 40.0° = —9.6 m. 
C;C, = -(6.0 m)cos 60.0° 2 —3.0 m, C, =—(6.0m)sin 60.0° = —5.2 m. 
A ze 
1.6: (a) ligi uu IEEE ean 
A, 200m 


A 
(b) tang- — 100m _ 9 sag 
4, 2.00m 
8 = tan (0.500)= 26.6" 
(c) inde x. DERE acad 
A, -2.00m 
8 = tan ^ (- 0.500)- 180° 26.6 =153 
A 
(d) nln tO he 
A, —2.00m 


8 = ian^(0.500)- 180* +26.6° = 207° 
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1.37: Take the +x-direction to be forward and the +y-direction to be upward. Then the 
second force has components F, = F,cos32.4° = 433N and F,, = F,sin32.4° =275N. 


The first force has components £j, = 725N and F, = 0. 
F,-F,-E,-—1158N and F, = FÉ, + E,, -275N 


The resultant force is 1190 N in the direction 13.4^ above the forward direction. 


1.38: (The figure is given with the solution to Exercise 1.31). 
The net northward displacement is (2.6 km) + (3.1 km) sin 45° = 4.8 km, and the 
net eastward displacement is (4.0 km) + (3.1 km) cos 45? — 6.2 km. The 


magnitude of the resultant displacement is (4.8 km)' + (6.2 km)? — 7.8 km, and 
the direction is arctan (35) = 38° north of east. 


1.39: Using components as a check for any graphical method, the components of B are 
B, - 14.4 mand B, =10.8 m, Ahas one component, 4, ——12 m. 

a) The x - and y -components of the sum are 2.4 m and 10.8 m, for a magnitude 
of J(2.4 m «(10.8 mÝ —11.1m,, and an angle of (28) RG. 


b) The magnitude and direction of A+ B are the same as B+ A. 
c) The x- and y-components of the vector difference are — 26.4 m and 


—10.8 m, for a magnitude of 28.5 mand a direction arctan (=!23)= 202°. Note that 
180° must be added to arctan(=!22)= arctan(#2£)= 22° in order to give an angle in the 
third quadrant. 


d) B—4-14.4 mi +10.8 mj 412.0 mi = 26.4 mf +10.8 mj. 


Magnitude = 4/(26.4 m) -- (10.8 m) = 28.5 mat and angle of acta 30) = 22.2". 
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1.40: Using Equations (1.8) and (1.9), the magnitude and direction of each of the given 
vectors is: 


a) (8.6 em)’ + (5.20 cm)? = 10.0 cm, arctan (22) = 148.8? (which is 


180° — 31.29). 
b) 49.7 m)? + (C245 m)? = 10.0 m, arctan (245) = 14° + 180° = 194°. 
c) (7.75 km)? + (-2.70 km)? = 821 km, arctan (22) = 340.8° (which is 


360° — 19.29). 


1.41: 


The total northward displacement is 3.25 km — 1.50 km — 1.75 km, , and the total 
westward displacement is 4.75 km. The magnitude of the net displacement is 


(1.75 km) + (4.75 km — 5.06 km. The south and west displacements are the same, so 


The direction of the net displacement is 69.80" West of North. 


1.42: a) The x- and y-components of the sum are 1.30 cm + 4.10 cm = 5.40 cm, 
2.25 em + (-3.75 cm) = -1.50 cm. 


b) Using Equations (1-8) and (1-9), 


(6.40em)? (C1.50 cm)? = 5.60 cm, arctan (2:2) = 344.5? cow. 


c) Similarly, 4.10 cm — (1.30 cm) = 2.80 cm, —3.75 cm — (2.25 em) =—6.00 cm. 


d) Ja. 80cm)?  (-6.0cm)? = 6.62 cm, arctan (ee = 295? (which is 360° — 65°). 
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1.43: a) The magnitude of A+B is 
((2.80 cm)cos 60.0° + (1.90.cm)cos 60.0" f 
+ (2.80 cm)sin 60.0 — (1.90 cm)sin 60.0" Ý 


| = 2.48 cm 


and the angle is 


(2.80 cm)sin 60.0° — (1.90 cm)sin 60.0° ) _ ji 
(2.80 cm )cos 60.0° + (1.90 cm cos 60.0* 


b) The magnitude of À — È is 


((2.80 cm)cos 60.0° — (1.90 em)cos 60.0" f 
+ (2.80 cm)sin 60.0 (1.90cm)sin 60.0 Ý 


Jm 


and the angle is 
M" (2.80 cm sin 60.0* + (1.90 cm)sin 60.0" | _ -— 
(2.80cm )cos 60.0° — (1.90 cm )cos 60.0* 


c) B-A= -(à - B) the magnitude is 4.10 cm and the angle is 84° +180° = 264°. 


1.44: A = (-12.0 m) i. More precisely, 
A= (12.0 m\cos 180° F + (12.0 m sin 180° Jj. 
B = (180 m)(cos 37° Y + (18.0 mYsin 37° )j = (14.4 m) + (10.8 m)j 
1.45: A= (12.0 m)sin 37.07 + (12.0 m)cos37.0° j = (7.2 mV + (9.6 m)j 
B 


= (15.0 m)cos 40.0°7 — (15.0 m)sin 40.0" j = (11.5 m)? - (9.6 mj 
Č — (6.0 mcos 60.0 £ — (6.0 m)sin 60.0° j = —(3.0 m — (5.2 m)j 


1.46: a) = (3.60 m)cos 70, Ü i ial 60 mp )sin 70.0 9j = (1.23 my + (3.38 m)j 


B = —(2.40 m)cos 30.0" 7 — (2.40 m)sin 30.0 j = (— 2.08 m¥ + (-1.20 m) 
b) 
€ = (3.00) A — (4.00)8 
= (3.00X1.23 m¥ + (3.00Y3.38 m)j — (4.00X— 2.08 mY — (4.00X-1.20 m)j 
= (12.01 m¥ + (14.947 


(Note that in adding components, the fourth figure becomes significant.) 
c) From Equations (1.8) and (1.9), 


C= 4(12.01 m) + (14.94 mY —19.17 m, arctan EE -51. 


12.01m 


1.47: a) . A-(4.00Y +(3.00)' — 5.00, B — (5.00) +(2.00)? — 5.39 


b) A-B=(4.00—3.00¥ +(5.00—(—2.00))j =(—1.00¥ + (5.00)7 
c) (1.00Y + (5.00f =5.10, arcan S 5-101. 


d) 


i 
bo / 


1.48: a) E PES +1? 41? = 43 2 1 so it is not a unit vector 


b) [A| = 4? "ETT 


If any component is greater than + 1 or less than —1, 


Al >1, so it cannot be a unit 


vector. Acan have negative components since the minus sign goes away when the 
component is squared. 


c) 
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ld -1 


a^(3.0Y a? (4.0 =1 


Ja? 425 21 
1 
a=+— = +0.20 
5.0 
149: a)Let A- 4,14 4,j, B=Bi+B ij. 
A+B=(4,+B,¥+(4,+8,) 


Uu 
E 
& 
E 
E. 
o 
=] 
E 
o 
E 
= 
= 
< 
e 
uw 
o 
dn 
ti 
m 
ll 
Du: 
4 
ul 


Scalar multiplication is commutative, so A- B- B. A 


b) — AxB-(AB,— 4B, « (4,B, —4,B, + (4,B, AB, 
B» A=(B,4, - B,A,)i « (B, 4, - BA] (8.4, —-B,A È 


Comparison of each component in each vector product shows that one is the 
negative of the other. 


1.50: Method 1: (Product of magnitudes x cos 9) 
ABcos@ = (12mx15m)cos93* = -9.4 m? 
BC cos 8 = (15 mx 6 m)cos 80° = 15.6 m? 
AC cos 8 = (12mx6m)cos187° - —71.5 m° 


Method 2: (Sum of products of components) 
A.B- (7.22) (11.49) + (9.58)(—9.61) = —9.4 m? 
B-C = (11.49)(-3.0) + (-9.64)(-5.20) 215.6 m? 
A -C = (7.22)(-3.0) + (9.58X-5.20) = -71.5 m? 
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A- B = (4.00X5.00)-- (3.00X— 2.00)=14.00. 


b) A-B= ABcos@,s0 8 = arccos |(14.00)/(5.00 x 5.39)] = arccos(.5195) = 58.7". 


1.52: For all of these pairs of vectors, the angle is found from combining Equations 
(1.18) and (1.21), to give the angle $ as 


A. B A,B, 4 A.B 
$— arccos = arccos ——~—_+ |, 
AB AB 


In the intermediate calculations given here, the significant figures in the 
dot products and in the magnitudes of the vectors are suppressed. 


a) 4 B--22,4- 440, B= 413, and so 


o 


E 
= arccos | 5——— |-165 
i s A 
b)  A-B= 60, A= 424, B = 4136, $= oof rs |= 28° 
J344136 
c) A-B=0,¢=90. 


1.53: Use of the right-hand rule to find cross products gives (a) out of the page and b) 

into the page. 

1.54: a) From Eq. (1.22), the magnitude of the cross product is 
(12.0m)(18.0m)sin (180° — 37 )- 130m* 


The right-hand rule gives the direction as being into the page, or the — z-direction. 
Using Eq. (1.27), the only non-vanishing component of the cross product is 


C, = AB, = (-12mY(18.0m)sin37 )- 130m" 


b) The same method used in part (a) can be used, but the relation given in Eq. 
(1.23) gives the result directly: same magnitude (130 m^), but the opposite 


direction (*z- direction). Ereelaprosane 


1.55: In Eq. (1.27), the only non-vanishing component of the cross product is 


C, - A,B, — A,B, =(4.00\—2.00)— (3.00X5.00)- —23.00, 
so Ax B = -(23.00X, and the magnitude of the vector product is 23.00. 


1.56: a) From the right-hand rule, the direction of Ax È is into the page (the — 
z-direction). The magnitude of the vector product is, from Eq. (1.22), 


AB sin $ = (2.80 cmY1.90 cm)sin120* = 4.61 cm*. 
Or, using Eq. (1.27) and noting that the only non-vanishing component is 
C,-4,B, - AB, 
= (2.80 cm)cos 60.0* (- 1.90 cm)sin 60° 
— (2.80 cm)sin 60.0" (1.90 cm)cos 60.0" 


=—4.61 cm’ 


gives the same result. 


b) Rather than repeat the calculations, Eq. (1-23) may be used to see that 
Bx A has magnitude 4.61 cm’ and is in the +z-direction (out of the page). 


1.57: a) The area of one acre is + mi» 4 mi = zl; mi^, so there are 640 acres to a square 
mile. 


:2 2 
b) (lacre)«| I, [ze = 43,560 ft? 
640 acre 1 mi 


(all of the above conversions are exact). 


c) (1 acre-foot)= (43,560 &? }x mme = 3.2610" gal, 


which is rounded to three significant figures. 
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1.58: a) ($4,950,000/102 acres) x (1acre/43560ft^ ) x ü 0.77 f^ /m* )= $12/m°. 
b) ($12/m?)x (2.54 cm/in)? x (1m/100cm)? =$.008/in’. 
c) $.008/in? x (lin x 7/8 in) = $.007 for postage stamp sized parcel. 


1.59: a)To three significant figures, the time for one cycle is 


1 


— 371.0410 a, 
1.42010? Hz 


b) f 420x10 sue, = :) =5.11x10" mE 


S 


c) Using the conversion from years to seconds given in Appendix F, 


7 
(42:10? Hz assor), (4.600x10° y )- 2.06x10%. 
y 
d) 4.600x10° y =(4.60%10* 1.0010? y) so the clock would be off by 4.60x 10° s. 


1.60: Assume a 70-ke person, and the human body is mostly water. Use Appendix D to 
find the mass of one H;O molecule: 18.015 u * 1.661 x 107 kg/u = 2.992 x io” 
ke/molecule. (70 kg/2.992 * 10 75 ke/molecule) = 2.34 * 10°’ molecules. (Assuming 
carbon to be the most common atom gives 3 * 10°’ molecules. 


1.61: a)Estimate the volume as that of a sphere of diameter 10 cm: 
= 3 i 25.2x10*m* 
Mass is density times volume, and the density of water is 1000 kg/ nr ,so 
m = (0.981000 kg/m Y5.2 «107*m* )- 0.5kg 
b) Approximate as a sphere of radius r = 0.254m (probably an over estimate) 
v= m -6.5x10 7 m? 


m — (0.98 1000 kg /m* 6.5» 107? m*)- 6x10" kg = 6x10"*g 


c) Estimate the volume as that of a cylinder of length 1 cm and 
radius 3 mm: 
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V-m1-28x10'm* 
m = (0.98 X1000 ke /m? (2.8 x 107 m? )- 3x10 kg = 0.3g 


1.62: a) d 
P 


i 0.200 kg 
G AAE Og, 
7.86x10° kg/m 
x=2.94x10° m = 2.94 cm 


22.5Ax10? m? 


4 5 -5.. 3 
—AR -2.54x10^m 
b) 3 


R-1.82x107m-1.82cm 


1.63: Assume each person sees the dentist twice a year for checkups, for 2 hours. Assume 
2 more hours for restorative work. Assuming most dentists work less than 2000 hours per 
year, this gives 2000 hours/4 hours per patient — 500 patients per dentist. Assuming only 
half of the people who should go to a dentist do, there should be about 1 dentist per 1000 
inhabitants. Note: À dental assistant in an office with more than one treatment room 
could increase the number of patients seen in a single dental office. 


6.0 x102 aem: 
164: a) — (60x10"kg)x| = — — = |= 2.6x10? atoms. 
14 x 10^ aule 


b) The number of neutrons is the mass of the neutron star divided by the 
mass of a neutron: 


(2)(2.0x 10? kg) 
(1.7 x 10? kg/neutron) 
C) The average mass of a particle is essentially + the mass of either the proton or 


the neutron, 1.7 x10 7 kg. The total number of particles is the total mass divided by this 
average, and the total mass is the volume times the average density. Denoting the density 
by p (the notation introduced in Chapter 14). 


= 2.4 x10? neutrons. 


4 Og 
M 3^^P Qnm)1.5x10" m? (10° kg/m) _ — 
m 2 (1.7 x 107 kg) 
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Note the conversion from g/cm’ to kg/m. 


1.65: Let D be the fourth force. 
A+ BX C4 D - 050 D - (A B«C) 
A, = +Acos30.0° = +86.6N, 4, =+4c0s30.0° = +50.00N 


B, — —Bsin 30.0 = 40.00N, B, = +8 c0s30.0° = +69.28N 


C, =+Ccos53.0° =-24.07N, C, ——Csin 53.0° = -31.90N 
Then D, — —22.53 N, D, =-87.34N 


y-- 
D= JD? «D; =90.2N; 


tana =|D, / D,|=87.34/22.53 


a= 75.54 
9-180" + a= 256  , counterclockwise from + x -axis 
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Jw Nase 
63577 V3 
ps: X 30km — EG 


X 


x } 
| 6g 


HB o» 


R, = A, + B, =(170km)sin 68° + (220 km)cos 48° = 311.5 km 
R, = A, +B, = (170 km) cos 68° — (230 km) sin 48° = —107.2 km 


R= |R} +R? = (311.5 km). +(-107.2kmY = 330km 


a =19° south of east 


1.67: a) 


` ae 
e 


b) Algebraically, A- C — B, and so the components of Aare 
A, =C, - B, - (640cm)cos 22.0° — (6.40 cm)cos 63.0° = 3.03cm 


A, =C, — B, - (6.40 cm)sin 22.0" + (6.40 cm)sin 63.0 — 8.10 cm. 


c) 4-4(.03emY ^ (8.10 cm). —8.65 cm, arian $7922) 69.5 


3.03 cm 
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1.68:a)R, = 4, +B, +C, 
— (12.0 m)cos (90° — 37° }+ (15.00 m)cos(- 40 )-- (6.0 m)cos(180" + 60°) 
—15.7 m, and 
R, - A, 4 B, «C, 
— (12.0 m)sin (90° — 37° }+ (15.00 m)sin(- 40° }+ (6.0 m)sin(180" + 60°) 
=—5.3m. 


The magnitude of the resultantis R — yz + R =16.6 m, and the direction from 
the positive x-axis is arctan (= — —]18.6'. Keeping extra significant figures in the 
intermediate calculations gives an angle of —18.49?, which when considered as a 
positive counterclockwise angle from the positive x-axis and rounded to the 
nearest degree is 342°. 


" S, = —3.00m - 7.22 m—11.49 m = 21.71 m; 
) S, — —520 m- (- 9.64 m)- 9.58 m — —5.14 m; 


8 =arctan Ik" 13.3 
(-21.71) 


S = (21.71 my + (-5.14 my’ =22.3m 
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1.69: 
4 


Take the east direction to be the x - direction and the north direction to be the 
y - direction. The x- and y-components of the resultant displacement of the 


first three displacements are then 


(-180 m}+ (210 m)sin 45° + (280 m)sin 30° =108 m, 
— (210 m)cos 45° + (280 m)cos30* = 494.0 m, 


keeping an extra significant figure. The magnitude and direction of this net displacement 


are 
(108 mY + (94.0 mY. =144 m, aroan 242) = 40.9". 
108 m 


(108mY -(94.0mY -144m, |, ^, " 
The fourth dispiacenienr must wen ve 144 m in a direction. 40.9 south of west. 


1.70: 


$5 linish 


- 3.80 km — > 


2.00 kan Jasa 


The third leg must have taken the sailor east a distance 


(5.80 km)— (3.50 km)cos 45° — (2.00 km) - 1.33km 
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1.71: 


and a distance north 


(3.5 km)sin 45^ — (2.47 km) 
The magnitude of the displacement is 


40.33 km)? + (2.47 km)? = 2.81km 


and the direction is arctan pary- 62? north of east, which is 90? — 62? = 28° east 


of north. A more precise answer will require retaining extra significant figures in 
the intermediate calculations. 


a) 


b) The net east displacement is 
— (2.80 km)sin 45° + (7.40 km)cos 30° — (3.30 km)cos 22° = 1.37 km, and the net north 
displacement is — (2.80 km)cos 45° + (7.40 km)sin 30^ — (3.30 km)sin 22.0° = 0.48 km, 


and so the distance traveled is 4(1.37 km) + (0.48 km)" — 1.45 km. 


1.72: 


The eastward displacement of Manhattan from Lincoln is 


(147 km)sin85° + (106 km)sin 167° + (166 km )sin 235° = 34.3 km 


and the northward displacement is 


(147 km)cos85" + (106 km )cos 167° + (166 km )cos235° — —185.7 km 


(A negative northward displacement is a southward displacement, as 


indicated in Fig. (1.33). Extra figures have been kept in the intermediate calculations.) 


a) 434.3 km)’ + (185.7 km)? - 189 km 


b) The direction from Lincoln to Manhattan, relative to the north, is 
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TS 33km. —169.5* 
—185.7 km 


and so the direction to fly in order to return to Lincoln is 169.5" + 180^ + 349.5". 


NEBRASKA IOWA 


Tkm 
eu Clarinda 


{ Lincoln 


St. Joseph 
Manhanan 
166 km 


145° ' 


" 
w-$-E 
5 


KANSAS MISSOURI 


1.73: a) Angle of first line is 2 = tan (29-2 )— 42°. Angle of 
second line is 42° + 30° = 72°. Therefore 
X =10+ 250cos 72° = 87 


Y = 20+ 250sin 72° = 258 


for a final point of (87,258). 
b) The computer screen now looks something like this: 


(10. 20) 


a "^" 
"29 (210. 200) 


(87, 258) 


The length of the bottom line is 4(210— 87 + (200— 258) =136 and its direction is 


tan (28-2) — 25° below straight left. 


1.74: a) 
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b) To use the method of components, let the east direction be the x-direction 
and the north direction be the y-direction. Then, the explorer's net x- 
displacement is, in units of his step size, 


(40)cos45* — (80)cos 60° — —11.7 
and the y-displacement is 

(40)sin45° + (80)sin 60° —50 = 47.6. 
The magnitude and direction of the displacement are 


y(-11.7)? + (47.6) =49, arctan (55 )- ree. 


(More precision in the angle is not warranted, as the given measurements are to 
the nearest degree.) To return to the hut, the explorer must take 49 steps ina 
direction 104° — 90° =14° east of south. 


1.75: Let +x be east and +y be north. Let A be the displacement 285 km at 40.0° north 
of west and let B be the unknown displacement. 
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+ B = R, where R — 115 km, east 
R- 
B, =R,- 4, B,=R,-4, 

A, =—Acos40.0° = -218.3 km, 4, = +4 sin 40.0° = +183.2 km 
R, =115km, R, =0 

Then B, = 333.3 km, 8, — —183.2 km. 


B= Je? +B; =380km. 


da! 


exi 
Il 
NE 


N 
vu 

Ww x ; E 

| 

lac É i tana =|B, /B, | - (183.2km)/(333.3km) 
E 
a = 28.8", south of east 
1.76: 
sd 
a 
U 
pe x Wperp 
SOR a S 
E- 
t7 Woar 
Ww 
(a) Gy, = O Sina. 
(b) yo, = 0 COSC 
(c) O ar = O Sina. 
c 
"m E. — 960 N 
sing — sin 35.0 

1.77: 
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Mu. ves 
B C 
43° e 
ES us 
X ut" 
ZA 
La) 
elbow B is the force the biceps exerts. 


E is the force the elbow exerts. 

È + B = R, where R = 132.5 Nand is upward. 
E,-R,—-B, E,-R,-B, 

B, =—Bsin 43° = 158.2 N, B, = +B cos 43° = +169.7N 
R, =0,R, 2 4132.5N 

Then E, 241582 N, E, = -37.2N 


b= JE +E; =160N; 


tana =|£, /E, 


= 37.2/158.2 


a =13°, below horizontal 


1.78: (a) Take the beginning of the journey as the origin, with north being the y- 
direction, east the x-direction, and the z-axis vertical. The first displacement is then 


—30É, the second is — 157, the third is 2007 (0.2 km — 200 m) , and the fourth is 100}. 
Adding the four: 


—30K —15j + 2007 +100} = 2007 +857 — 30k 


(b) The total distance traveled is the sum of the distances of the individual segments: 30 
+ 15+ 200+ 100 = 345 m. The magnitude of the total displacement is: 


D- Di «Di «D? = 4200 +85? + (-30f = 219m 
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1.79: Letthe displacement from your camp to the store be A. 


A = 240 m, 32° south of east 

B is 32° south of westand C is 62° south of west 

Let+ x be east and + y be north 

A+B+C=0 

A,+B,+C, — 0, so 4cos 32° - Bcos 48° —C cos 62° =0 
A,+B,+C, =0, so — Asin 32° + B sin 48° -C sin 62° = 0 


A is known so we have two equations in the two unknowns P and C. Solving gives 
B= 255 m and C = 70 m. 


1.80: Take your tent's position as the origin. The displacement vector for Joe's tent is 
(21 cos 23° ¥ — (21 sin 23° }j = 19.337 — 8.205. The displacement vector for Karl's tent is 


^ 
= 


(32cos 37° Y + (32 sin 37° )j = 25.567 19.267 . The difference between the two 
displacements is: 


(19.33 — 25.56)i + (- 8.205 —19.25)j = —6.23i — 27.46}. 


The magnitude of this vector is the distance between the two tents: 


D= 4(- 6.23) +(—27.46) =28.2m 


1.81: a) With 4, = B, = 0, Eq. (1.22) becomes 
4,B, « A,B, - (4cos 8, XBcos 8, )- (Asin 8, XBsin 8,) 
= AB(cos @,cos 8, -- sin &,sin 6, ) 
= ABcos( 8, — 8,) 
= AB cos ó 


where the expression for the cosine of the difference between two angles has been used 
(see Appendix B). 


b) With 4, B, -0, C - C, kandC = 


C, 


. From Eq. (1.27), 
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l= 


1.82: 


A,B, — A,B, 


= \(4 cos 8, XB COS 8,)- (A sin 8 , XB cos 8,) 
= AB|cos8, sin @, — sin 8, cos4,| 

= ABpin(2, - 8,) 

= ABsin ó 


a) 


b) 


The angle between the vectors is 210° — 70° =140°, and so Eq. (1.18) gives 
A- B = (3.60 mY2.40 m)cos 140° = —6.62 m° Or, Eq. (1.21) gives 
A cB =4 B, + AB, 
= (3.60 m)cos 70° (2.4 mcos 210° + (3.6 m sin 70 (2.4 m)sin 210° 
= —6.62 m? 


From Eq. (1.22), the magnitude of the cross product is 
(3.60 m Y2.40 m)sin 140° = 5.55 m*, 


and the direction, from the right-hand rule, is out of the page (the 
+z-direction). From Eq. (1-30), with the z-components of A and B 
vanishing, the z-component of the cross product is 


A,B, — A,B, = (3.60 m)cos 70° (2.40 m)sin 210° 


— (3.60 m)sin 70° (2.40 m)cos 210° 
=5.55 m’ 


1.83: a) Parallelogram area = 2 x area of triangle ABC 


1.84: 


b) 90° 


Triangle area =1/2 (base (height) - 1/2 (B XA sin 8) 
Parellosram area = BA sin 8 


With the 4x-axis to the right, +y-axis toward the top of the page, and +z-axis out 


of the page, (4 x B) - 87.8 en, (4 x B), = 68.9 cm’, (4 x B) ext 


1.85: a) 


A — A(2.00Y + (3.00) +(4.00)° — 5.39. 
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B= 4(3.00 Y + (1.00) + (3.00 — 4.36. 


A- B - (4, - B) « (4, -,)i (4, - 5. X 
= (- 5.00 + (2.00) + (7.00)& 


c) J(5.00Y + (2.00) + (7.00) =8.83, 


and this will be the magnitude of B — Aas well. 


b) 


1.86: The direction vectors each have magnitude 43 , and their dot product is (1) (1) + 
(1) 1) + (1) (21) 7 -1, so from Eq. (1-18) the angle between the bonds is arccos 


= ele arccos (- ij 109°, 


1.87: The best way to show these results is to use the result of part (a) of Problem 1-65, 
arestatement of the law of cosines. We know that 


C? = 4° +B’ +24Bcos¢, 
where $ is the angle between A and B. 


a) If C? = A? + B?,cos ø = 0, and the angle between Aand B is 90" (the vectors are 
perpendicular). 


b) If C^ < 4’ + B^,cosó « 0, and the angle between Aand B is greater than 90°. 
c) If C? > A’ + B^, cosó > 0, and the angle between A and B is less than 90°. 


1.88: a)  Thisisa statement of the law of cosines, and there are many ways to 
derive it. The most straightforward way, using vector algebra, is to assume the linearity 
of the dot product (a point used, but not explicitly mentioned in the text) to show that 


the square of the magnitude of the sum A+B is 


(a + B. (A + B)-A- A^ A- Be B-A« B. B 
-A.A- B-B42 A.B 
=A’ cLB*424:B 
=A’ + B* + 2A4B cosó 
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Using components, if the vectors make angles 8; and & with the x-axis, the components 
of the vector sum are 4 cos 8, + B cos 65 and A sin 8, + B sin 65, and the square of the 
magnitude is 


(4cos8, + Bcosé,) -- (4 sin, + Bsing, Y 
= A’ (cos^& , +sin? 8, )+ B^(cos'8, + sin? 6, ) 
+ 2A4B(cos@, cos, + sin 8, sin 6, ) 
= A’ 4 B? 4 24Bcos(8, — 8, ) 
= 4? + B? 4 2ABcosó 


where ø= 84— 82 is the angle between the vectors. 


b) A geometric consideration shows that the vectors A, B andthe sum 4+ B 
must be the sides of an equilateral triangle. The angle between A, and B is 
120°, since one vector must shift to add head-to-tail. Using the result of part 
(a), with 4 = B, the condition is that 4^ = 4° + 4^ +2.4°cos¢, which solves 
for 1=2+2cos ø cos ø= —4, and ø= 120°. 

c) Either method of derivation will have the angle ¢ replaced by 180°— 4 so 


the cosine will change sign, and the result is 4 4° + B^ — 24B cos. 

d) Similar to what is done in part (b), when the vector difference has the same 
magnitude, the angle between the vectors is 60°. Algebraically, ø is obtained 
from 1 = 2—2 cos ¢, so cos ø= 1 and ø= 60°. 


1.89: Take the length of a side of the cube to be L, and denote the vectors from a to b, a 
to c and a to d as B,C and D . In terms of unit vectors, 


B=Lk, G=1j+k) d= +j+8) 


Using Eq. (1.18), 


e 
Lac] 


arccos 


oia 
: 


| — arccos ae E | = 35.3". 


| UN 
Oy by 
eO" 


arccos 


e : 
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1.90: From Eq. (1.27), the cross product is 


` ^ ^ + 6.00 1. 11.00 - 
—13.00) 7 + (6.00) 7 + (-11.00) A =13 | - (1.0002 + | —— |; - ——&. 
(13.00) i + (6.00) 7 + (11.00) l (1.00) EE vum | 


The magnitude of the vector in square brackets is 4/1.93, and so a unit vector in this 
direction (which is necessarily perpendicular to both A and B)is 


— (1.00)? + (6.00/13.00) 7 — (11.00/13)& 
41.93 i 


The negative of this vector, 


(1.00)? — (6.00/13.00) j + (11.00/13)& 
v1.93 à 


is also a unit vector perpendicular to A and B. 


1.91: Aand Care perpendicular, so A. C - 0. 4,C,+A4,C, = 0, , which gives 
5.0C, —6.5C,, — 0. 

B-C -15.0,50— 3.5C, +7.0C, 215.0 

We have two equations in two unknowns C, and C,.. Solving gives 

C, =8.0andC, — 6.1. 


1.92: l4 k Di = AB sin 8 
Ax B E 2 2 
ing 1 Bl _ VES.00F +2007 _ 5 sosa 
AB (3.00 3.00) 


8 = sin (0.5984) = 36.8° 


1.93: a) Using Equations (1.21) and (1.27), and recognizing that the vectors 
A, B, and C do not have the same meanings as they do in those equations, 
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(4x8). € - (4,5, — 4,5, E « (4,8, 4,5, + (4,5, - 4,5, X) € 
= 4,B,C, — A,B,C, +A,B,C, - A,B,C,  A,B,C, -ABC 
A similar calculation shows that 


A-[Bx C)- 4,B,C, - A,B,C, + A,B,C, - A,B,C, + A,B,C, - ABC, 


xy 


and a comparison of the expressions shows that they are the same. 


b) Although the above expression could be used, the form given allows for ready 
compuation of Ax B the magnitude is AB sin ø = (20.00)sin 37.0" and the direction 
is, from the right-hand rule, in the +z-direction, and so 


(4 x B). € = +(20.00)sin 37.0" (6.00) - +72.2. 


1.94: a) The maximum and minimum areas are 
ELD + w)- LW-t WF + Lw, (L-D) (F-w) LW- W —Lw, 


where the common terms w? have been omitted. The area and its 
uncertainty are then WE + (IW + Lw), so the uncertainty in the area is 
a-lW +iw. 


b) The fractional uncertainty in the area is 
a IE +W l w 
— — + — 


A E £ ¥, 
the sum of the fractional uncertainties in the length and width. 


c) The similar calculation to find the uncertainty v in the volume will involve 
neglecting the terms /wH, Wh and Lwh as well as jw; the uncertainty in the volume is v 
= IH  LwH + LWh, and the fractional uncertainty in the volume is 


v IWH + LwH + LWh E M h 


p LW H E P H 


the sum of the fractional uncertainties in the length, width and height. 


1.95: The receiver's position is 
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(4-1.04-9.0— 6.0 412.00 + (—5.0+11.0+ 4.0 -18.0)7 = (16.0¥ + (28.0)7. 


The vector from the quarterback to the receiver is the receiver's position minus the 
quarterback's position, or (16.0Y + (35.0)7 ,a vector with magnitude 


(16.0) +(35.0 — 38.5, given as being in yards. The angle is arctan(2) = 24.6 to the 
right of downfield. 


1.96: a) 


b) i)  InAU, (0.3182)? + (0.9329)! = 0.9857. 


ii) In AU, 4(1.3087)* + (—4423)' + (0414)! — 1.3820 
iii) ^ In AU, 


(0.3182 — (1.3087))? + (0.9329 — (—.4423))! +(0.0414)* — 1.695. 


C) The angle between the directions from the Earth to the Sun and to 
Mars is obtained from the dot product. Combining Equations (1-18) 
and (1.21), 


én eg | eee ee ee eee 
É (0.9857)(1.695) 


d) Mars could not have been visible at midnight, because the Sun-Mars angle is less 
than 90°. 


1.97: a) 
@ 


Alkaid 


© o 


S . Mery 
" _ www.FreeLibros‘ie 


The law of cosines (see Problem 1.88) gives the distance as 


(138 ly)’ + (77 ly)’ + 2(138 y X77 ly )cos154.4* = 76.2 ly, 


where the supplement of 25.6 has been used for the angle between the direction 
vectors. 


b) Although the law of cosines could be used again, it's far more convenient to use the 
law of sines (Appendix B), and the angle is given by 


anata] 23598 veers | ars asp sp - 109, 
76.2 ly 


where the appropriate angle in the second quadrant is used. 


1.98: Define $ = Ai + Bj + Ck 


FOS — (xi + yb e zÁ). (Ab 4. Bj + Ch) 
= Áx + By + Cz 


If the points satisfy Ax + By + Cz — 0, then F - $ = 0 and all points F are 
perpendicular to $. 


2.4:  a)Durins the later 4.75-s interval, the rocket moves a distance 
1.00»x10* m — 63 m, and so the magnitude of the average velocity is 
3 
1.00x10° m- 63m ital. 
4.758 


p) 42992 —169 m/s 


10 
590s 


2.2:  a)The magnitude of the average velpoity on ihe. return flight is 


3 
GIS0x10 m) — 42 m/s. 
(13.5 da) (86, 400 s/da) 


The direction has been defined to be the —x-direction (i ). 


b) Because the bird ends up at the starting point, the average velocity for the round 
trip is 0. 


2.3: Although the distance could be found, the intermediate calculation can be avoided 
by considering that the time will be inversely proportional to the speed, and the extra time 
will be 
(140 miny| ID km/hr. | 70min. 
70 km/hr 


2.4: The eastward run takes (200 m/5.0 m/s) = 40.0 s and the westward run takes 
(280 m/4.0 m/s) = 70.0 s. a) (200 m+ 280 my(40.0 s + 70.0 s)= 4.4 m/s to two 
significant figures. b) The net displacement is 80 m west, so the average velocity is 
(80 m/110.0 s) = 0.73 m/s in the -x-direction (^). 


2.5: In time £ the fast runner has traveled 200 m farther than the slow runner: 
(5.50 m/s)t 4- 200m = (6.20 m/s)t, sot — 2865. 

Fast runner has run (6.20 m/s) — 1770 m. 

Slow runner has run (5.50 m/s) = 1570 m. 


2.6: The s-waves travel slower, so they arrive 33 s after the p-waves. 


f, =f, + 33s 
dicil Med 
v 
iE a. dida 
Ye T 
d d 
—— -——— 33s 
3.52 652 
d = 250km 
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2.7: a) The van will travel 480 m for the first 60 s and 1200 m for the next 60 s, fora 
total distance of 1680 m in 120 s and an average speed of 14.0 m/s. b) The first stage of 


the journey takes a — 30s and the second stage of the journey takes 


(240 m/20 m/s) - 125, so the time for the 480-m trip is 42 s, for an average speed of 
11.4 m/s. c) The first case (part (a); the average speed will be the numerical average 
only if the time intervals are the same. 


2.8: From the expression for x(£), x(0) = 0, x(2.00 s) = 5.60 m and x(4.00 s) = 20.8 m. a) 


NI. -280m/sb) Sim? = 5.2 m/s c) 9352292. 7.6 m/s 


29: a)Att, =0, x, = 0, so Eq (2.2) gives 


tä (10.03) 
b) From Eq. (2.3), the instantaneous velocity as a function of time is 
v, = 2bt—3ct? = (4.80 m/s?^y — (0.360 m/s Jt’, 


so i) v, (0) — 0, 
ii) v, (5.0) = (4.80 m/s’)(5.0s)— (0.360 m/s^ (5.03)? —15.0 m/s, 
and iii) v, (10.0 s) = (4.80 m/s’ )(10.0 s) (0.360 m/s^)(10.0 s)? =12.0m/s. 
c) The car is at rest when v, = 0. Therefore (4.80 m/s’ y — (0.360 m/s’)? = 0. The 


? 
only time after t= 0 when the car is at rest is t= ae =13.3s 


2.10: a)IV: The curve is horizontal; this corresponds to the time when she stops. b) I: 
This is the time when the curve is most nearly straight and tilted upward (indicating 
postive velocity). c) V: Here the curve is plainly straight, tilted downward (negative 
velocity). d) II: The curve has a postive slope that is increasing. e) IIT: The curve is still 
tilted upward (positive slope and positive velocity), but becoming less so. 


2.11: Time (s) 0 2 4 6 8 10 12 14 16 
Acceleration (m/s?) 0 1 2 2 3 1.5 1.5 0 


a) The acceleration is not constant, but is approximately constant between the times 
t=4s and t=8s. 
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b) 


At t—95,2, — 3 m/s’ att -13s, a, — 1.5 m/s’, att=15s, a, — 0. 


2.12: The cruising speed of the car is 60 km/hr = 16.7 m/s. a) Ee — 1.7 m/s? (to 
two significant figures). b) 2257** = 1 7 m/s* c) No change in speed, so the acceleration 
is zero. d) The final speed is the same as the initial speed, so the average acceleration is 
zero. 


2.13: a) The plot of the velocity seems to be the most curved upward near t= 5 s. 

b) The only negative acceleration (downward-sloping part of the plot) is between t= 30s 
and t= 40s. c) Att= 20 s, the plot is level, and in Exercise 2.12 the car is said to be 
cruising at constant speed, and so the acceleration is zero. d) The plot is very nearly a 


straight line, and the acceleration is that found in part (b) of Exercise 2.12, -1.7 m/s? à 
e) 


2.14: (a) The displacement vector is: 
F(t) =—(5.0 m/s) + (10.0 m/s)j + ((7.0 m/syt— (3.0 m/s” y? Jk 
The velocity vector is the time derivative of the displacement vector: 


£3 = (-5.0 m/s)i + (10.0 m/s)j-- (7.0 m/s — 2.0 m/s" 4) É 


and the acceleration vector is the time derivative of the velocity vector: 
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d'F(t) - 
P 0 m/s! k 


Att=5.0s: 


F(t) =—(5.0 m/s)(5.0s)é + (10.0 m/s)(5.0s)j + (7.0m/s\5.0 8) - (-3.0 m/s^25.05?))Á 
= (-25.0 m)i + (50.0 m) j — (40.0 m)& 


d A = (5.0 m/s)i + (10.0 m/s) f + (7.0 m/s— (6.0 m/s^ (5.05) É 
= (-5.0 m/s)é + (10.0 m/s) — (23.0 m/s) Á 
TO =-6.0 m/s" Á 


(b) The velocity in both the x- and the y-directions is constant and nonzero; thus the overall 
velocity can never be zero. 


(c) The object's accelerationis constant, since ¢ does not appear in the acceleration vector. 


2.15: me 

di 

a, 2D =_0:12Sem)s? 
* ad l 


—2.00 em/s — (0.125 cm/s’ y 


a) At£ =0,x = 50.0cm, v, = 2.00cm/s, a, = —0.125cm/s?. 
b) Set v, = Qand solve fort :t=16.0s. 


c) Set x= 50.0 cm and solve for z. This gives t=Qand £ —32.0s. The turtle returns 
to the starting point after 32.0 s. 


d) Turtle is 10.0 cm from starting point when x = 60.0 cm or x = 40.0 cm. 
Set x = 60.0cmand solve fort :t = 6.20s and ż = 25.8 s. 


Att = 6.205, v, = 41.23 cm/s. 
Att —25.8s,v, =—1.23 cm/s. 


Set x= 40.0cm and solve for ¢ :£ = 36.45 (other root to the quadratic equation is negative 
and hence nonphysical). 
Att — 3645, v, 2 2.55 cm/s. 


EANA 
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2.16: Use of Eq. (2.5), with At= 10 in all cases, 
a) — ((5.0nvs)- (15.0 n/s)/(10s)- —1.0 m/s? 
b) — ((-150 ms)- (-5.0 m/s))/(10s) = 1.0 m/s? 


c) — ((-150ms)- (15.0 m/s))/(10s) = -3.0 nvs?. 
In all cases, the negative acceleration indicates an acceleration to the left. 


2.17: a) Assuming the car comes to rest from 65 mph (29 m/s) in 4 seconds, 
a, 2 (29 m/s -0)/(As)- 7.25 m/s?. 

b) Since the car is coming to a stop, the acceleration is in the direction opposite to the 
velocity. If the velocity is in the positive direction, the acceleration is negative; if the 
velocity is in the negative direction, the acceleration is positive. 


2.18: a) The velocity at t= O is 
(3.00 m/s) + (0.100 m/s? ) (0) = 3.00 m/s, 
and the velocity at £ = 5.00 s is 
(3.00 m/s)-- (0.100 m/s? ) (5.00 s)? = 5.50 m/s, 


so Eq. (2.4) gives the average acceleration as 
(5.50 m/s)— (3.00 m/s) 2.50 mfi l 
(5.00s) 


b) The instantaneous acceleration is obtained by using Eq. (2.5), 
a, -2 2 Bt— (0.2 m/s” y. 


Then, i) at ż= 0, a, = (0.2 m/s?) (0) = 0, and 
ii) at £— 5.00 s, ae = (0.2 m/s’) (5.00 s) = 1.0 m/s’. 
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2.19: a) 


b) 


— Aui —e 
"y 
2,-6 
-iy —— i 
E "e 
e 
y s -X— 
E 


2.20: a) The bumper's ee and acceleration are given as functions of time by 


v = 2. = (9.60 m/s’ yt — (0.600 m/s^)e? 
” a, === = (9.60 m/s?) — (3.000 m/s5yr*. 


There are two times at which v = 0 (three if negative times are considered), given by t= 
Oand f= 16 s. Att 0,x 2 2.17 mand a, = 9.60 m/s ^. When f= 16 s, 


x= (2.17 m)+ (4.80 m/s °) 416 s*) — (0.100) m/s )(16 s*)°? = 14.97 m, 
ax = (9.60 m/s *) — (3.000 m/s X16 s4) 2 —38.4 m/s °. 
b) 
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2.21: a) Equating Equations (2.9) and (2.10) and solving for vo, 


2(x—X,) 2(70 m) 
—— y -———— -15.0 m/s = 5.00 m/s. 
Ue" a nem BUS / à 
b) The above result for vo, may be used to find 
Tn v,—w, _ 15.0 m/s—5.00 m/s -1.43 m/s’, 
t 7.005 


or the intermediate calculation can be avoided by combining Eqs. (2.8) and (2.12) to 
eliminate vo. and solving for ax, 


a i5 Eos 15.0 m/s - 700m. i ai i 
t t 7.00s (7.008) 


2.22: a) The acceleration is found from Eq. (2.13), which v,, = 0; 


E B 73 En aed 


where the conversions are from Appendix E. 


b) The time can be found from the above acceleration, 


173 mi/hr){ S402 
43s, C mane Tae la: T 


The intermediate calculation may be avoided by using Eq. (2.14), again with vo. = 0, 
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i 2(x—xg) s 2((307 fi( 1g) 


v, (73 mi/br) P= 


t =2.42 5, 


2.23: From Eq. (2.13), with v, = 0, a, = 745 < äm: Taking x, — 0, 


ve E ((105 km/hrY1 m/s)(3.6 km/hr)) E 


- 1.70m 
2a... 2(250 m/s") 


x 


2.24: In Eq. (2.14), with x — xo being the length of the runway, and vo. = 0 (the plane 
starts from rest), v, -277* = 2222 = 70.0 m/s. 


2.25: a) From Eq. (2.13), with v,, = 0, 


— zs Y 
* 2(x-x,) 220m) 


b) Using Eq. (2.14), t= 2(a—x,)/v= 2(120 m)/(20 m/s) - 12. 
9 (128)(20 m/s) 2240 m. 
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2.26: a) Xp < 0, Vox x 0, a. 0 


>: 
»i 


b) x9 > 0, Vor € 0, ae > 0 


c) xo > 0, Vor 70,2, «0 
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2.27: a) speeding up: 


x—x, — 1320 ft, v, —0,2—19.95, a, =? 


x—xy 7 wt a,t gives a, = 6.67 ft/s? 
slowing down: 


x— x, = 146 ft, vy, =88.0 ft/s, v, = 0, a, =? 


v? = Vj, + 2a (x— xg) givesa, =-26.5 ft/s’. 


b) x— x, =1320 ft, y, = 0,a, = 6.67 ft/s’, v, =? 
vi =v,,+2a,(x—x,) gives v, =133 ft/s=90.5 mph. 
a, must not be constant. 


C)v,, = 88.0 ft/s, a, — 26.5 ft/s*, v, 2 0, t=? 
v, — vg, +a, t gives £— 3.32 s. 


2.28: a)Interpolating from the graph: 


At 4.08, v 2 42.7 cm/s (to the right) 
At 7.08, v 2 —1.3 cm/s(to the left) 


b) a =slope of v-t graph = —*S* — —1.3cm/s^ which is constant 


C) Ax — area under v-t graph 
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Ins 
Scns 


2om/s 


First 4.5 s: 


From 0 to 7.5 s: 


—2 ous 


The distance is the sum of the magnitudes of the areas. 


He) ssa 


d) 


Disence 


b) 
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kinis) A 
{Olas 


2.30: a) 


2001: 
156 
Distance 190 Velocity 


50 
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b) 


adits?) 


——e—--e ity 
> 4 6 & 10.12 E 16 18 3043 


R UP E 


2.31: a)Àti—3sthe graph is horizontal and the acceleration is 0. Fromt=5sto t= 
9 s, the acceleration is constant (from the graph) and equal to toaa _ =6.3 m/s’. From 
¿= 9 s to ż= 13 s the acceleration is constant and equal to 

nsw: 112 m/s". 


b) In the first five seconds, the area under the graph is the area of the rectangle, (20 
m)(5 s)- 100 m. Between 2 — 5 s and £— 9 s, the area under the trapezoid is (1/2)(45 m/s 
+ 20 m/s)(4 s) = 130 m (compare to Eq. (2.14)), and so the total distance in the first 9 s is 
230m. Between t= 9s and t= 13 s, the area under the triangle is 
(1/2)(45 m/s)(4 s) - 90 m, and so the total distance in the first 13 s is 320 m. 


2.32: 


2.33: a) The maximum speed will be that after the first 10 min (or 600 s), at which time 
the speed will be 


(20.0 m/s‘ Y900s) = 1.8 «10* m/s =18 km/s. 


b) During the first 15 minutes (and also during the last 15 minutes), the ship will travel 
(1/2)(18 km/'s)(900s)= 8100 km , so the distance traveled at non-constant speed is 16,200 
km and the fraction of the distance traveled at constant speed is 

16,200 km 


1- — — —— - 0.958, 
384,000km 
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keeping an extra significant figure. 


c) The time spent at constant speed is EE ^ - = 2.04 x 10* 


s and the time spent 


during both the period of acceleration and deceleration is 900 s, so the total time required 
for the trip is 2.22 x10* s , about 6.2 hr. 
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2.34: After the initial acceleration, the train has traveled 
; 0.60 m/s’ )(14.0s)? =156.8 m 


(from Eq. (2.12), with xo = 0, vor = 0), and has attained a speed of 
(1.60 m/s’ )(14.0s)=22.4 m/s. 


During the 70-second period when the train moves with constant speed, the train travels 
(22.4 m s)(70 s) = 1568 m. The distance traveled during deceleration is given by Eq. 


(2.13), with v, = 0,v,, — 22.4 m/s and a, — —3.50 m/s' , so the train moves a distance 
xX, — (24m 71 69m. The total distance covered in then 156.8 m+ 1568 m+ 71.7 m 


2-35 ms?) 


=1.8km. 


In terms of the initial acceleration 21, the initial acceleration time 71, the time £» during 
which the train moves at constant speed and the magnitude a» of the final acceleration, 
the total distance xr is given by 


1 1 (a) t 
x,-—af (at) CU (2) £104, 4 | 

2 a 2 | a, | 
which yields the same result. 


2.35: a) 
Ld t " »- »- 


b) From the graph (Fig. (2.35)), the curves for 4 and B intersect at t= 1 sand £— 3 s. 


c) 


d) From Fig. (2.35), the graphs have the same slope at  — 2 s. e) Car A passes car B 
when they have the same position and the slope of curve 4 is greater than that of curve B 
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in Fig. (2.30); this is at £— 3 s. f) Car B passes car 4 when they have the same position 
and the slope of curve B is greater than that of curve 4; this is at £— 1 s. 


2.36: a) The truck's position as a function of time is given by xr = vrt, with vr being the 
truck’s constant speed, and the car’s position is given by xc = (1/2) act’. Equating the 
two expressions and dividing by a factor of ¢ (this reflects the fact that the car and the 
truck are at the same place at t= 0) and solving for ¢ yields 

_ 2v; _ 2(20.0 m/s) _ 


and at this time 
T- XC = 250 m. 


b) act = (3.20 m/s°)(1 2.5 8) = 40.0 m/s (See Exercise 2.37 for a discussion of why the 
car's speed at this time is twice the truck’s speed.) 


c) 


d) 


2.37: a) 


Otliccr 


AAT 


-> Í 
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The car and the motorcycle have gone the same distance during the same time, so their average 
speeds are the same. The car's average speed is its constant speed vc, and for constant acceleration 
from rest, the motorcycle's speed is always twice its 

average, or 2vc. b) From the above, the motorcyle's speed will be vc after half the time needed to 
catch the car. For motion from rest with constant acceleration, the distance traveled is proportional 
to the square of the time, so for half the time 


one-fourth of the total distance has been covered, or d/4. 
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2.38: a) An initial height of 200 m gives a speed of 60 m/s when rounded to one 
significant figure. This is approximately 200 km/hr or approximately 150 mi/hr. 


(Different values of the approximate height will give different answers; the above may be 
interpreted as slightly better than order of magnitude answers.) b) Personal experience 
will vary, but speeds on the order of one or two meters per second are reasonable. c) Air 
resistance may certainly not be neglected. 


2.39: a) From Eq. (2.13), with Mu 0 and ay =g 


vs, = 42g — y) = y 9.80 m/s” (0.440 m) = 2.94 m/s, 


which is probably too precise for the speed of a flea; rounding down, the speed is about 2.9 m/s. 
b) The time the flea is rising is the above speed divided by g, and the total time is twice this; 


symbolically, 
2 — = j 
puo EO I reu o SOO BY e sida. 
g g (9.80 m/s?) 


or about 0.60 s. 

2.40: Using Eq. (2.13), with downward velocities and accelerations being positive, v; - 
(0.8 m/s y * 2(1.6 m/s? \(5.0 m) = 16.64 m^/s^ (keeping extra significant figures), so Vy 
=4.1 m/s. 


2.41: a)Ifthe meter stick is in free fall, the distance d is related to the reaction time ¢ by 
d = (1/2)gt^ ,so t=./2d/g. If d is measured in centimeters, the reaction time is 


= 2 = A M = x 72 
2 Jd Tm m (4.52x107 s) d] cm). 


b) Using the above result, (4.52x10? s)v17.6 = 0.190 s. 
2.42: a) (1/2)ge? =(1/2)(9.80 m/s?^)(2.5s)* = 30.6 m. 


b) gt=(9.80m/s’)(2.5s) = 24.5.m/s . 
c) 
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2.43: a) Using the method of Example 2.8, the time the ring is in the air is 


Voy + A Yoy - 28 (Y — Yo) 


E€ 


_ (5.00 m/s) -4/(5.00 m/s)’ — 2(9.80 m/s? X-12.0 m) 


(9.80 m/s?) 


f= 


= 2.1565, 
keeping an extra significant figure. The average velocity is then IIR = 5:37 m/s , down 


As an alternative to using the quadratic formula, the speed of the ring when it hits the ground may 
Vyt Voy 


be obtained from v; = Voy —2g(v- Yo): and the average velocity found from s thisis 


algebraically identical to the result obtained by the quadratic formula. 
b) While the ring is in free fall, the average acceleration is the constant acceleration due to gravity, 


9.80 m/s* down. 


1 
c) Y= +Voyt—5 gt 


0=12.0m+ (5.00m/5)i— (9.8 m/s* y 


Solve this quadratic as in part a) to obtain 7 — 2.156 s. 


a) vi =v}, -2g(y — yy) - (5.00 m/s) — 2(9.8 m/s*Y-12.0m) 
,| 716.1 m/s 


e) 
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2.44: a) Using ay — —g, voy= 5.00 m/s and yo = 40.0 m in Eqs. (2.8) and (2.12) gives 
i) at £— 0.250 s, 
y= (40.0 m) + (5.00 m/s )(0.250 s) — (1/2)(9.80 m/s* (0.250 sy — 40.9 m, 
vy = (5.00 m/s ) — (9.80 m/s? (0.250 s) = 2.55 m/s 


and ii) at = 1.00 s, 
y= (40.0 m) + (5.00 m/sy(1.00 s) — (1/2)(9.80 m/s^(1.00 sy — 40.1 m, 
vy = (5.00 m/s ) — (9.80 m/s* X1.00 5) 2 — 4.80 m/s. 


b) Using the result derived in Example 2.8, the time is 


i (5.00 m/s) + 4 (5.00 m/s)’ — 2(9.80 m/s’ )(0 — 40.0 m) dies 
(9.80 m/s’) — 
c) Either using the above time in Eq. (2.8) or avoiding the intermediate 
calculation by using Eq. (2.13), 
vi =v}, — 2g(y — y) = (5.00 m/s)^ — 2(9.80 m/s^—40.0 m) = 809 m'/s', 
vy 28.4m/s. 


d) Using v, — 0 in Eq. (2.13) gives 


» _ (5.00 m/s) 


; 7-4 40.0m —41.2m. 
2(9.80 m/s”) 


T Se 
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2.45: a) v, = vs, — gt = (76.00 m/s) - (9.80 m/s’ (2.003) = —25.6 m/s, so the speed is 
25.6 m/s. 
b)y -v,i 2g = (-6.00 m/s)(2.00 s)-+ (0.80 m/s^Y2.00sy! =—31.6 m, with the 


minus sign indicating that the balloon has indeed fallen. 
c) 
v; =v}, — 28 (V, — Y) = (6.00 m/s)? — 2(9.80 m/s*)(-10.0 m) = 232 m^ /s",so v, =15.2 m/s. 
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d) 


2.46: a) The vertical distance from the initial position is given by 


Í uu. 
¥ = Voyt S 58 , 
solving for voy, 
y 1 (-50.0m) 1 2 
=—+—gt = ———— + — (9.80 m/s )(5.00 s) = 14.5 m/s. 
Voy t 2 gt (5.00 8) 38 mj X ) / 


b) The above result could be used in v = Và, - 2ely - Yo) with v= 0, to solve for y 
—yo = 10.7 m (this requires retention of two extra significant figures in the calculation 
for voy). c) 0 d) 9.8 m/s” , down. 


e) Assume the top of the building is 50 m above the ground for purposes of 
graphing: 
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2.47: a) (224 m/s)/(0.9s) 2 249 m/s?. b) E —25.4. c) The most direct way to 
find the distance is v,,.¢ — ((224 m/s)/2)(0.9 s) - 101m. 


d) (283 m/s)/ (1.40 8) - 202 m/s? but40g — 392 m/s* , 80 the figures are not consistent. 


2.48: a) From Eq. (2.8), solving for ¢ gives (40.0 m/s —20.0 m/s y9.80 m/s” — 2.04 s. 
b) Again from Eq. (2.8), 


40.0 m/s - (C200 mis) cna 
9.80 m/s 


c) The displacement will be zero when the ball has returned to its original 
vertical position, with velocity opposite to the original velocity. From Eq. (2.8), 


nist mal — 8.165. 
9.80 m/s 


(This ignores the £= 0 solution.) 

d) Again from Eq. (2.8), (40 m/s y(9.80 m/s’ )74.08 s. This is, of course, half the 
time found in part (c). 

e) 9.80 m/s” , down, in all cases. 

f) 
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2.49: a)Fora given initial upward speed, the height would be inversely proportional to 
the magnitude of g, and with g one-tenth as large, the height would be ten times higher, 

or 7.5 m. b) Similarly, if the ball is thrown with the same upward speed, it would go ten 
times as hieh, or 180 m. c) The maximum height is determined by the speed when hitting 
the ground; if this speed is to be the same, the maximum height would be ten times as 


large, or 20 m. 


2.50: a) From Eq. (2.15), the velocity v at time f 


f 
Y» =v, + | at dt 
fy 


= (5.0 m/s) — (0.6 m/s^)(1.0 s^ + (0.6 m/s’) ? 
= (4.40 m/s )-- (0.6 m/s") £. 


At h = 2.0 s, the velocity is v; = (4.40 m/s )+ (0.6 m/s*)(2.0 s) = 6.80 m/s, or 6.8 m/s 


to two significant figures. 
b) From Eq. (2.16), the position x» as a function of time is 
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1 
XQ =X «f v, dt 


— (6.0 m)+ J! (4.40 m/s) + (0.6 m/s^ y^ dt 
= (6.0 m) + (4.40 m/s)(¢ — £j) + Qeon) fre 5. 


Att= 2.0 s, and with 4 = 1.0 s, 


x= (6.0 m) + (4.40 m/s )((2.0 s) — (1.0 s)) + (0.20 m/s" )((2.0 s- (1.0 s)’) 
=11.8 m. 


c) 
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2.51: a)From Eqs. (2.17) and (2.18), with vọ=0 and x;-0, 


v, = [ct - Bi’ )di = fp -2y = (0.75 m/s*y* — (0.040 m/s* X? 


„PA Ba N Boa 3555 4x4 
x= (4 E ja=4: E = (0.25 m/s*)z? — (0.010 m/s* y. 


b) For the velocity to be a maximum, the acceleration must be zero; this occurs at =0 
and ¢=4=12.53. At £-0 the velocity is a minimum, and at 12.5 s the velocity is 


B5 


v, 2 (0.75 m/s*)(12.5s)? — (0.040 m/s* 12.58) — 39.1 m/s. 


2.52: a) Slope = a = 0forz 2 1.3 ms 
b) A, = Area underv — graph 


eb rale Aicil 


es 5 (.3 ms 133 (2.5 ms — 1.3 ms)(133 cm/s) 
S 


e 0.25cm 
0 [2um ypu 

AS 1 

N | 

* l 

(dinum ———— Me 
C) a= slope of v- t graph 
133 cm/s 


a (0.5 ms) = a (1.0 ms) e -1.0x 105 cm/s* 
1.3ms 


a (1.5 ms) = Obecause the slope is zero. 
d) & = area under v- ¢ graph 
h (0.5 ms) = Aring = ; (05 m3 m) =8.3x10°em 
8 


h (1.0 ms) = Anu, = jü .0 msX(100 cm/s) = 5.0x10 ^ cm 
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h (1.5 ms) = Ae + Aigle = La-smesf13529. (0.2 ms)(1.33) 
5 


—0.11cm 


2.53: a)The change in speed is the area under the a, versus £ curve between 
vertical lines at ¿= 2.5s and £ — 7.5s. This area is 


1 (4.00 cm/s’ + 8.00cm/s’ Y(7.5s — 2.5 s) = 30.0 cm/s 
This acceleration is positive so the change in velocity is positive. 


b) Slope of v versus ¢ is positive and increasing with f. 


UE 


2.54: a)Toaverage 4 mi/hr , the total time for the twenty-mile ride must be five 
hours, so the second ten miles must be covered in 3.75 hours, for an average of 2.7 
mi/hr. b) To average 12 mi/hr , the second ten miles must be covered in 25 minutes and 


the average speed must be 24 mi/hr. c) After the first hour, only ten of the twenty miles 
have been covered, and 16 mi/hr is not possible as the average speed. 


2.55: a) 


The velocity and acceleration of the particle as functions of time are 
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v, (£) = (9.00 m/s^y? — (20.00 m/s?) + (9.00 m/s) 
a, (t) = (18.0 m/s!) — (20.00 m/s’). 


b) The particle is at rest when the velocity is zero; setting v — 0 in the above expression 
and using the quadratic formula to solve for the time ¢, 


,.Q09 m/s) * 4(20.0 m/s! y' — 4(9.0 m/s*)(9.0 m/s) 


2(9.0 m/s?) 


and the times are 0.63 s and 1.60 s. c) The acceleration is negative at the earlier time and 
positive at the later time. d) The velocity is instantaneously not changing when the 
acceleration is zero; solving the above expression for a, (£) 2 0 gives 
20.00 m/s? 
18.00 m/s? 
Note that this time is the numerical average of the times found in part (c). e) The greatest 


distance is the position of the particle when the velocity is zero and the acceleration is 
negative; this occurs at 0.63 s, and at that time the particle is at 


—1.11s. 


(3.00 m/s5)(0.63 s — (10.0 m/s^Y(0.63 s) + (9.00 m/s)(0.63 s) = 2.45 m. 


(In this case, retaining extra significant figures in evaluating the roots of the quadratic 
equation does not change the answer in the third place.) f) The acceleration is negative at 
t= 0 and is increasing, so the particle is speeding up at the greatest rate at t= 2.00 s and 
slowing down at the greatest rate at £= 0. This is a situation where the extreme values of 


5a ; ; da 
a function (in the case the acceleration) occur not at times when E = 0 but at the 
t 


endpoints of the given range. 


2.56: a) $92 =1.25m/s. 
b) 22 = 1.67 m/s. 


c) Her net displacement is zero, so the average velocity has zero magnitude. 


d) 222 — 1.43 m/s. Note that the answer to part (d) is the harmonic mean, not the 


arithmetic mean, of the answers to parts (a) and (b). (See Exercise 2.5). 


2.57: Denote the times, speeds and lengths of the two parts of the trip as ż and ż, v; and v, and 7, 
and £, 


a) The average speed for the whole trip is 
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li dette _ (76km)+ (34 km) 
——- NL cp = 82 km/h, 
i +f, d C)+ 0») Jy) EU DE) 

or 82.3 km/h, keeping an extra significant figure. 


b) Àssuraing nearly straight-line motion (a common feature of Nebraska highways), the total 
distance traveled is /,—5 and 


1-1, (T6km)- 34km) 
- uy - 31 km/h. 


76km 
fj +t, km/h + Gtk 


(314 km/ hr to three significant figures.) 


2.58: a) The space per vehicle is the speed divided by the frequency with which the cara 
pass a given point; 
96 km/h 


—— — ——— — = 40 m/ vehicle. 
2400 vehicles/h 


An average vehicle is given to be 4.5 m long, so the average spacing is 40.0 m — 4.6 m 
—35.4 m. 


b) An average spacing of 9.2 m gives a space per vehicle of 13.8 m, and the traffic 
flow rate is 
96000 m/h 


— oU DV L 6960 vehicle/h. 
13.8 m/vehicle veter 


2.59: (a) Denote the time for the acceleration (4.0 s) as 4 and the time spent running at constant 
speed (5.1 s) as 5. The constant speed is then at, where ais the unknown acceleration The total / is 
then given in terms ofa, 4, and £z; by 


1 
1=—at} + att,, 
2 
and solving for æ gives 


 Q 2x4  (/2\(4.0s)? + (4.05.15) 
(b) During the 5.1 s interval, the runner is not accelerating, so a = 0. 
(c) Av/At =[(3.5 m/s^Y43)]/(9.1s) 2 1.54 m/s’. 
(d) The runner was moving at constant velocity for the last 5.1 s. 
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2.60: a)Simple subtraction and division gives average speeds during the 2-second 
intervals as 5.6, 7.2 and 8.8 m/s. 
b) The average speed increased by 1.6 m/s during each 2-second interval, so the 


acceleration is 0.8 m/s". 


c) From Eq. (2.13), with vw; = 0, v = J2(0.8 m/s’ 14.4 m) = 4.8 m/s. Or, 
recognizing that for constant acceleration the average speed of 5.6 m/s is the speed one 
second after passing the 14.4-m mark, 5.6 m/s — (0.8 m/s’ Y1.0s) 2 4.8 m/s. 

d) With both the acceleration and the speed at the 14.4-m known, either Eq. (2.8) 

or Eq. (2.12) gives the time as 6.0 s. 

e) From Eq. (2.12), x — x; = (4.8 m/s)(1.0 s) - 1 (0.8 m/s^X1.0 s) = 5.2 m. This 
is also the average velocity (1/2)(5.6 m/s + 4.8 m/s ) times the time interval of 
1.0 s. 


2.61: Ifthe driver steps on the gas, the car will travel 

(20 m/s)(3.0s)+ (1/2)(2.3 m/s*)(3.0s)? - 70.4m. 
Ifthe brake is applied, the car will travel 

(20 m/'s)(3.0s)+ (1/2)(-3.8 m/s’ 3.0s)" = 42.9 m, 
so the driver should apply the brake. 


3654d 
2.62: a) rE ene SE] EB] 36805 
S ly ld 1h 
=9.5x10" m 
3 M -9 
b) d = ct =(3.0x10° 10? s) =0.30m 
5 
11 
c) j 9 _ IPIE Wt oou. essai 
c. 3.0x10° m/s 
d 2(3.84x10° m) 
d jm, RES dd 
) c 3.0x10' m/s s 
NAR 
e) bs SOD gi a od Ri 


2.63: a) v= 2aR, /t= 46A m/s 

b) v=2a/t=2.99x10* m/s (r is the radius of the earth's orbit) 

C) Let c be the speed of light, then in one second light travels a distance c(1.00s). The 
number of times around the earth to which this corresponds is c(1.005)/2xR, = 7.48 
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2.64: Taking the start of the race as the origin, runner A's speed at the end of 30 m can 
be found from: 


vi =v, 42a, (x x) 204 2(1.6 m/s?)(30 m) - 96 m?/s? 
v, 7 496 m/s? — 9.80 m/s 


A's time to cover the first 30 m is thus: 


and A's total time for the race is: 


61354 090-30 m 


9.80 m/s 
B's speed at the end of 30 m is found from: 


—38.88 


vi = Ve, 42a, (x — x,)- 04-2(2.0 m/s’ (30 m) =120 m? /s? 


va 74120 m/s? 210.95 m/s 


B’s time for the first 30 m is thus 
EL . 10.95 m/s 25485 


ap 2.0 m/s* 
and B's total time for the race is: 
sagit 20-99. eggs 
10.95 m/s 


B can thus nap for 38.8 — 34.7 — 4.1sand still finish at the same time as A. 


2.65: For the first 5.0 s of the motion, v,, — 0, £ — 5.0s. 

v, =V, * a,f gives v, = a, (5.08). 

This is the initial speed for the second 5.0 s of the motion. For the second 5.0 s: 
Vy, 7a, (5.08), £— 5.05, xx, ^ 150m. 

x—x, 7 Vpt + Lat! gives150m = (25s?)a, +(12.5s")a, anda, — 4.0 m/s? 


Use this a, and consider the first 5.0 s of the motion: 
X—Xy =Vp,t ++ a t =04+4(4.0 m/s’)(5.0s)? — 50.0 m. 


2.66: a)The simplest way to do this is to go to a frame in which the freight train (which 
moves with constant velocity) is stationary. Then, the passenger train has 
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an initial relative velocity of v, 9 — 10 m/s. This relative speed would be decreased to 


vi 


zero after the relative separation had decreased to 2:7 = + 500 m. Since this is larger in 


magnitude than the original relative separation of 200 m, there will be a collision. b) The 
time at which the relative separation goes to zero (i.e., the collision time) is found by 
solving a quadratic (see Problems 2.35 & 2.36 or Example 2.8). The time is given by 


1 
= = bain miy vao + 28X.0 ) 
= (10 s?/m)(10 m/s — 100 m?/s^ — 40 m?/s ') 


= 100 sq — V0.6). 


Substitution of this time into Eq. (2.12), with xo = 0, yields 538 m as the distance the 
passenger train moves before the collision. 


2.67: The total distance you cover is 1.20 m +0.90 m = 2.10 m and the time available is 
Lam —0.80s. Solving Eq. (2.12) for a, 


1.50 m/s 
(x —x)—- wt (2.10 m) — (0.80 m/s)(0.805) 
AW. ew mum 7 
t (080s) 


=4.56 m/s’. 


2.68: One convenient way to do the problem is to do part (b) first; the time spent 


accelerating from rest to the maximum speed is Bo = 80 s. 


At this time, the officer is 


This could also be found from (1/2)a,t), where ż is the time found for the acceleration. 
At this time the car has moved (15 m/s )(8.0 s) - 120 m, so the officer is 40 m behind the 
car. 


a) The remaining distance to be covered is 300 m — x; and the average speed is 
(1/2)6vi + v2) 2 17.5 m/s, so the time needed to slow down is 


360m- 80 m 
17.5 m/s 
and the total time is 24.0 s. 


= 16.0 s, 


c) The officer slows from 20 m/s to 15 m/s in 16.0 s (the time found in part (a)), so 
the acceleration is 20.31 m/s*. 
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2.69: a) xX, = (1/2)a,2? , and with x, = 40.0 m, solving for the time gives 


2(400 = 
210m = 6.175 


b) The car has moved a distance 
= 3 m/ 
UE Big a 40.0m = 64.8 m, 
2 a, — 2.10m/s 


and so the truck was initially 24.8 min front of the car. 


c) The speeds are a £— 13 m/sand at= 21 m/s. 


d) 


2.70: The position of the cars as functions of time (taking x; = 0 at t= 0) are 


1 
x, =at, x, = D — vt. 
2 


The cars collide when x; = x2; setting the expressions equal yields a quadratic in 7, 


pata vt- D - 0, 


the solutions to which are 


i lb + dad TR m TPE - v) 
a a 
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The second of these times is negative and does not represent the physical situation. 


b) vy =at= [a + 2aD -— 


e) 


2.71: a) Travelling at 20 m/s, Juan is x, = 37 m — (20 m/s)(0.80s)= 21m from the 
spreader when the brakes are applied, and the magnitude of the acceleration will be 


a= ES . Travelling at 25 m/s , Juan is x, = 37m — (25m/s)(0.80s) 2 17m from the 
spreader, and the speed of the car (and Juan) at the collision is obtained from 


2 


x Jav- zj- (25 m/s)? — (20 m/s? (za 
2x, X 


2.2 = 
Vi = Vo, —20,X; = Vo, {zt " 


= 301 m?/s? 
and so v, — 17.4 m/s. 


b) The time is the reaction time plus the magnitude of the change in speed. (v,—v) 
divided by the magnitude of the vb gm Or 


Y 25 m/s -17.4 m/s 
EL ERE o p MM = (0.80s)4-2 
flash maction ve Tx = ) (20m m/s s)? 


(21m) — 1.605. 


2.72: a) There are many ways to find the result using extensive algebra, but the most 
straightforward way is to note that between the time the truck first passes the police car 
and the time the police car catches up to the truck, both the truck and the car have 
travelled the same distance in the same time, and hence have the same average velocity 
over that time. Since the truck had initial speed 2v, and the average speed is vp, the 


truck’s final speed must be £v,. 
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b) 


2.73: a) The most direct way to find the time is to consider that the truck and the car are 
initially moving at the same speed, and the time of the acceleration must be that which 
gives a difference between the truck's position and the car's position as 


24m+21m+26m+4.5m = 75.5m,or t= 4/2(75.5m)/ (0.600 m/s?) =15.9s. 
b)v,,t + (1/2)a,£^ = (20.0 m/s)(15.9s) + (1/2)(0.600 m/s^)(15.9 s)" = 394 m. 
C) v, + a t = (20.0 m/s) + (0.600 m/s’ )(15.9s) = 29.5 m/s. 


2.74: a) From Eq. (2.17), x(?) = at £^ — (4.00 m/s) — (0.667 m/s^)£. From Eq. 
(2.5), the acceleration is a(t) = —2ft = (— 4.00 m/s^yt. 
b) The velocity is zero at £ = + fi (a = 0 at £ = 0, but this is an inflection point, not an 


extreme). The extreme values of x are then 


EB Vr 3Y B 


1 
Y 
mR (an AA Som. 
3| 2.00 m/s 3 


The positive value is then 


2.75: a) The particle's velocity and position as functions of time are 
v, (f) =v, + [ ((-2.00m/s*)+ (3.00 m/s” )é)dt 
= wy, — (2.00 m/s? + [Ee y. 
x(t) = fv (dt = v,,t— (1.00 m/s?y? + (0.50 m/s° Xt? 


= t(v4, — (1.00 m/s?yt + (0.50 m/s° Xt? ), 
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where x, has been set to 0. Then, x(0) = 0, and to have x(4 s) — 0, 
vy, — (1.00 m/s* 4.00) + (0.50 m/s^ (4.00s)* = 0, 


which is solved for v;, = —4.0 m/s. b) v, (4s) » 12.0 m/s. 


2.76: The time needed for the ess to fall is 


29. _ [246.0 m -180m) _ 5 99, 
9 (9.80 m/s“) 


and so the professor should be a distance v,¢ = (1.20 m/s )(3.00 s) = 3.60 m. 


2.77: Lett, be the fall for the watermelon, and 7; be the travel time for the sound to 
return. The total time is 7 — f, +t, =2.5s. Let y be the height of the building, then, 


y7i gi; and y — v,£, There are three equations and three unknowns. Eliminate ñ, solve 
for £,, and use the result to find y. A quadratic results: + gz’ +v,t, —v,T — 0. If 

at” + bt c c — 0, then t — —239 = 

Here, f= ¢,,a=1/2¢=4.9 m/s! ,b v, 2340 m/s,and c=—v,T — —(340 m/s)(2.5s) - -850mm 


Then upon substituting these values into the quadratic formula, 


_ = (340 m/s) 4340 m/s)" —4(4.9 m/s Y-850m) 
E 2(4.9 m/s?) 


i 4w mjs (363.7 m/s) _ 
1 2|4 9 ms? 


Then, y= bgi =4(9.8 m/s°)(2.42 s) = 28.6m. Check: (28.6 m)/(340 m/s) —.08 s, the 
time for the sound to return. 


= 2.42s . The other solution, —71.8 s has no real physical meaning. 


2.78: The elevators to the observation deck of the Sears Tower in Chicago move from 
the ground floor to the 103" floor observation deck in about 70 s. Estimating a single 
floor to be about 3.5 m (11.5 ft), the average speed of the elevator is Quy) _ 5.15 m/s. 
Estimating that the elevator must come to rest in the space of one floor, ths acceleration 
is about heel a -3.80 m/s*. 
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2/79: a) v= 4?8 = 2(9.80 m/s? )(21.3 m) = 20.4 m/s; the announcer is mistaken. 


b) The required speed would be 


vy =v" 42g(y- y) - Qs m/s)’ + 2(9.80 m/s’ )(-21.3m) 214.4 m/s, 


which is not possible for a leaping diver. 


2.80: If the speed of the flowerpot at the top of the window is vo, height & of the 
window is 


h=V,,¢ =Vot + 0/2)gt, o vo = : — (1/2)gt. 


The distance ? from the roof to the top of the window is then 
_ ¥% _ ((1.90 m)/(0.420 s) — (1/2)(9.80 m/s^)(0.420 sm 
2g 2(9.80 m/s’) 


An alternative but more complicated algebraic method is to note that ¢ is the difference 
between the times taken to fall the heights ? + # and 2, so that 


t= prem - yet /24+vi = t n. 
£ & 


Squaring the second expression allows cancelation of the ? terms, 


(1/2)gt^ + 2d gt^i /2 — h, 


which is solved for 

2 
1 fh 
?=—|—-(/2)gt |, 
2g | , Qe 
which is the same as the previous expression. 


2 
2.81: a) The football will go an additional 2- = Pod] 2T a avis tbc wiaduw Cana 


greatest height is 13.27 m or 13.3 mto the given precision. 
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b) The time needed to reach this height is y 2(1 3.3m)/(9.80 m/s? ) 21.653. 


2.82: a) 
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b) From the speed found in part (c), the maximum height is 


2 
(111.6 m/s)’ _ o 


= 635 m. 
2(9.80 m/s’) 


c) After the fuel is burned, the rocket has speed (40.0 m/s” )(2.50 s) = 100 m/s and 


has reached a height (1/2 (40.0 m/ s? X(2.50 s) — 125 m. The speed of the rocket just 
before it hits the ground is then 


v= fv -2g(y — X) = {100 m/s)? — 2(9.80 m/s^(—125 m) = 111.6 m/s, 


or 112 m/sto three significant figures. 


d) The time from launch to the highest point is not the same as the time from 
the highest point back to the ground due to the upward acceleration of the engine in the 
first 2.5 s. 


2.83: a) From Eq. (2.14), with w=0, 


v, 2 2a, (y — yy) = 42(45.0 m/s’ (0.640 m) = 7.59m/s. 


b) The height above the release point is also found from Eq. (2.14), with 
vy, 7 7.59 m/s,v, = Qand a, — —g, 


2 " 
jou, PY Ring 


(Note that this is also (64.0 cm) EAT height above the ground is then 5.14 m. 


c) See Problems 2.46 & 2.48 or Example 2.8: The shot moves a total distance 2.20 m 
—1.83 m= 0.37 m, and the time is 


(7.59 m/s) y(7.59 m/s +2(9.80 m/s")(037m) _| eos 
(9.80 m/s?) fins 


2.84: a)In 3.0 seconds the teacher falls a distance 
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y- jg - E m/'s’)(9.0s*)=44.1m 
To reach her ears after 3.0 s, the sound must therefore have traveled a total distance of 
h+ (k-44.1) m= 25— 44.1 m where # is the height of the cliff. Given 340 m/s for the 
speed of sound: 2 —44.1 m= (340 m/'s)(3.0s)= 1020 m, which gives 
hk =532m or 530m to the given precision. 
b) We can use v; = vy, -2g(y — y,) to find the teacher's final velocity. This gives 
v? = 2(9.8 m/s’ (532m)=10427 m/s? and v, =102m/s. 


2.85: a) Let +y be upward. 
At ceiling, v, =0,y—y, 2 3.0m,a, - 9.80 m/s’ . Solve for vo. 
v? = Yon + 2a,,(¥— y,)givesv,, = 7.7 m/s. 
b) v, =v, +2,¢ with the information from part (a) gives t= 0.785. 
c) Let the first ball travel downward a distance d in time z. It starts from its maximum 
height, so v, = 0. 
y 9y 7 wt - at^ givesd = (4.9 m/s^ y" 
The second ball has v,, =4(7.7 m/s) — 5.1 m/s. In time ¢ it must travel upward 
3.0m- d to be at the same place as the first ball. 
y y 7 wt - at^ gives3.0m -d = (5.1m/syt — (4.9 m/s^ £^. 
We have two equations in two unknowns, d and £. Solving gives t= 0.59 s and 
d —1.7m. 
d) 3.0m- d -1.3m 


2.86: a) The helicopter accelerates from rest for 10.0 s at a constant. 5.0 m/s? . It thus 
reaches an upward velocity of 

v, =, +a t = (5.0 m/s^)(10.0 s) = 50.0 m/s 
and a height of y — La,:^ — (5.0 m/s^)(10.0s)? = 250 mat the moment the engine is shut 
off. To find the helicopter's maximum height use 

v =v, 2a (y— y) 

y Oy y M 

Taking y, — 250 m, where the engine shut off, and since v; =0 at the maximum height: 


2 
—Voy 


2g 
2 
(50.0 BIS BS 
2(-9.8 m/s?) 
or 380 m to the given precision. 


max — Y = 


Vine = 250m — 
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b) The time for the helicopter to crash from the height of 250 m where Powers 
stepped out and. the engine shut off can be found from: 


y7 ys ^ wf shaf =250m+ (50.0 m/s% + 4(-9.8 m/s^y? = 0 


where we now take the ground as y — 0. The quadratic formula gives solutions of 
£—3.675and 13.88 s, of which the first is physically impossible in this situation. Powers’ 
position 7.0 seconds after the engine shutoff is given by: 


y =250 m+ (50.0 m/s)(7.0 s) +598 m/s’ )(49.0s") = 359.9 m 
at which time his velocity is 
Vy 7 vg + gt = 50.0 m/s + (-9.80 m/s^ (7.0 s) =—18.6 m/s 
Powers thus has 13.88 — 7.0 = 6.88s more time to fall before the helicopter crashes, at his 


constant downward acceleration of 2.0m/ 5^. His position at crash time is thus: 


1 
Y= Yat wt zo 


=359.9 m + (-18.6 m/s)(6.88 s) 2.0 m/s’ Y(6.88s) 
=184.6m 


or 180 m to the given precision. 


2.87: Take +y to be downward. 
Last 1.0 s of fall: 


y- y, =Vpyt+4a,t” givesh/4 — v, (1.05)-- (4.9 m/s^y1.0 s) 

Voy İs his speed at the start of this time interval. 

Motion from roof to y — y, = 3k/4 : 

Voy 70v, =? 

vi =v, + 2a, (y— yy) givesv, = 42(9.80 m/s” )\(3h/4) — 3.834 Vk m/s 

This is v, for the last 1.0 s of fall. Using this in the equation for the first 1.0 s gives 
h/A— 3.8344 h -- 4.9 

Let k = u’ and solve for u :u =16.5. Then z - u? = 270 m. 


2.88: a) fai od, = 10.03 
i, +t, — 10.08 (1) 
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da. Zi d sd 


1 
j8i- vL, 


Zos m/'s’ jt; = (330 m/s), (2) 


Combine (1) and (2): t, =8.84s,¢, =1.16s 
h=v.t, = 330—)(1.16s) 2 383m 
5 


b) You would think that the rock fell for 10 s, not 8.84 s, so you would have thought 
it fell farther. Therefore your answer would be an overestimate of the cliffs height. 


2.89: a) Let tv be upward. 
y- y 7 -15.0m, £—3.25s, a, =—9.80 m/s? v, =? 


My vt at givesy,, =11.31 m/s 
Use this voy inv, — v, + a,£ tosolve for v, :v, =—20.5 m/s 


b) Find the maximum height of the can, above the point where it falls from the 
scaffolding: 


v, 70, v, 7 411.31 m/s, a, =-9.80 m/s’, y- y, =? 
v = Voy + 2a (y- y) gives y — y, = 6.53m 
The can will pass the location of the other painter. Yes, he gets a chance. 


2.90: a) Suppose that Superman falls for a time ¢, and that the student has been 
falling for a time 1; before Superman’s leap (in this case, £j = 5 s). Then, the height % of 
the building is related to ¢ and 7; in two different ways: 


1 
-h= vt- net 
1 
x sat s tf. 


where vo, is Superman's initial velocity. Solving the second 7 gives t= NES — ty. 


Solving the first for voy gives voy = — A + PE and substitution of numerical values gives 
t= 1.06 s and vo, 7 165 m/s, with the minus sign indicating a downward initial velocity. 


b) 
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c) If the skyscraper is so short that the student is already on the ground, then 
h- 5 gi;-193m 


2.91: a)The final speed of the first part of the fall (free fall) is the same as the initial 
speed of the second part of the fall (with the Rocketeer supplying the upward 


acceleration), and assuming the student is a rest both at the top of the tower and at the 
2 2 


ground, the distances fallen during the first and second parts of the fall are = ac 
8 8 
where v, is the student's speed when the Rocketeer catches him. The distance fallen in 
free fall is then five times the distance from the ground when caught, and so the distance 
above the ground when caught is one-sixth of the height of the tower, or 92.2 m. b) The 


student falls a distance 5H/6 in time ¢ = 5H /3g, and the Rocketeer falls the same 


distance in time #-, where £5—5.00 s (assigning three significant figures to £j is more or 
less arbitrary). Then, 


SH 1 
TS 85) gi 6) or 


At this point, there is no great advantage in expressing ¢ in terms of H and g algebraically; 


t= = {56553 m)/29.40 m/s’ — 5.00s = 4.6985, from which v, = 75.1m/s. 


c) 


2.92: a) The time is the initial separation divided by the initial relative speed, H/v;. 


More precisely, if the positions of the Peds, (passe ribed by 


y -wt- Q/2)gf^, y, =H - Qf2)gt^, 
setting yı = gives H = vot. b) The first ball will be at the highest point of its motion if 
at the collision time ¢ found in part (a) its velocity has been reduced from vo to 0, or gt — 
gH/v =v, or H - v; ig. 


2.3: The velocities are v, = a+ 2ft and v, = 25 — 36t a) Since vs is zero at t= 0, car 
A takes the early lead. b) The cars are both at the origin at t= 0. The non-trivial solution 
is found by setting xa = xp, cancelling the common factor of ¢, and solving the quadratic 
for 


c Lond as 


Substitution of numerical values gives 2.27 s, 5.73 s. The use of the term “starting point 
can be taken to mean that negative times are to be neglected. c) Setting va= vg leads to a 
different quadratic, the positive solution to which is 


1 
i= -i-og-2)-Aap-z* “1206 | 


Substitution of numerical results gives 1.00 s and 4.33 s. 


» 


d) Taking the second derivative of x, and xg and setting them equal, yields, 
2f = 2y — 66 . Solving, t = 2.678. 


2.94: a) The speed of any object falling a distance H — à in free fall is 
428(H — h). b) The acceleration needed to bring an object from speed v to rest over a 


2 — 
distance à; is ~— AMT S) 2 
2h 2h kt 
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c) 


2.95: For convenience, let the student's (constant) speed be v; and the bus's initial 
position be xo. Note that these quantities are for separate objects, the student and the bus. 
The initial position of the student is taken to be zero, and the initial velocity of the bus is 
taken to be zero. The positions of the student x; and the bus x; as functions of time are 
then 


X, — Vet, X, = x, (I/2)at". 


a) Setting x, = x; and solving for the times f£ gives 


1 2 
ilo t Vo =a | 
a (6.0 m/s)? — 2(0.170 m/s" 40.0) 
» maa m/s) + (5.0 m/s)’ — 2(0.170 m/s (40.01) | 
=9.55 5, 4935. 


The student will be likely to hop on the bus the first time she passes it (see part (d) for a 
discussion of the later time). During this time, the student has run a distance 
Vot = (5 m/sY(9.558) - 478 m. 


e speed of the bus is (0.170 m/s" 9.558) — 1. 8. 
b) Th ed of the bus is (0.170 m/s^ Y9.55 1.62 


c) The results can be verified by noting that the x lines for the student and the bus 
intersect at two points: 
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d) At the later time, the student has passed the bus, maintaining her constant speed, 
but the accelerating bus then catches up to her. At this later time the bus's velocity is 


(0.170 m/s Y49.3 s)- 8.38 m/s. 


e) No; v < 2ax, and the roots of the quadratic are imaginary. When the student runs 
at 3.5 m/s, , the two lines do rot intersect: 


f) For the student to catch the bus, v? > 2ax,. and so the minimum speed is 


A2(0.170 m/s? Y40 m/s) 3.688 m/s. She would be running for a time 


Ons — 21.7 s, and cover a distance (3.688 m/s)(21.7 s)- 80.0 m. 


0.170 m/s! 
However, when. the student runs at 3.688 m/s, the lines intersect at one point 


(= 80m). 


2001 
1501 —— 


100 | M su acacia 


2.96: The time spent above ymax’? is + the total time spent in the air, as the time is 
proportional to the square root of the change in height. Therefore the ratio is 


v2  — 1 
1-142 42-1 
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= 24. 


2.97: For the purpose of doing all four parts with the least repetition of algebra, 
quantities will be denoted symbolically. That is, 


lety, = htnt- T gf. - h-=s(t-t). In this case, £, =1.00s. Setting 


y, = y, = 0, expanding the binomial (t -= ty) and eliminating the common term 
1 gi’ yields v,? = git — 1 gf; which can be solved for f; 
"E a L 
g&-w 21- ub 
Substitution of this into the expression for y, and setting y, = O and solving for % asa 
function of vo yields, after some algebra, 


a) Using the given value £, =1.00sand g=9.80 m/s’, 


2 
ed 


h=20.0m=(4.9 
n= nf 


This has two solutions, one of which is unphysical (the first ball is still going up when 
the second is released; see part (c)). The physical solution involves taking the negative 
square root before solving for v, , and yields 8.2 m/s. 


b) The above expression gives for i), 0.411 mand for ii) 1.15 km. c) As vo approaches 
9.8 m/s, the height & becomes infinite, corresponding to a relative velocity at the time 
the second ball is thrown that approaches zero. If v, > 9.8 m/s, the first ball can never 


catch the second ball. d) As voapproaches 4.9 m/s, the height approaches zero. This 
corresponds to the first ball being closer and closer (on its way down) to the top of the 
roof when the second ball is released. If v, » 4.9 m/s, the first ball will already have 
passed the roof on the way down before the second ball is released, and the second ball 
can never catch up. 
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2.98: a)Letthe height be # and denote the 1.30-s interval as Az; the simultaneous 
equations hk =+ gt’, 2 ih-ig(t- At)’ can be solved for 7. Eliminating } and taking the 


Square root, =, andt = Eo and substitution into # = Let? gives k= 246 m. 


Su E 
This method avoids use of the quadratic formula; the quadratic formula is a 
rw of the method of “completing the square”, and in the above form, 
2h -1g(t— Ar)’, the square is already completed. 


b) The above method assumed that ¢ >0 when the square root was taken. The 
negative root (with Az — 0) gives an answer of 2.51 m, clearly not a “cliff”. This would 
correspond to an object that was initially near the bottom of this "cliff" being thrown 
upward and taking 1.30 s to rise to the top and fall to the bottom. Although physically 
possible, the conditions of the problem preclude this answer. 


3.1: a) 
E (5.3m)- (11m). 
NEM CU B — 3) 1.4 m/s, 
Nu 0.5 m) — 8.4m) _ 1.3 m/s. 
= (3.08) 


b)v,,, = 4 (1.4 m/s)! - (-1.3 m/s)? 21.91 m/s, or1.9 m/s to two significant figures, 


8 = arctan(3:3)— —439. 


3.2: a) 


x= (v, A = (3.8 m/sy12.0s) - —45.6m and 


Y= (ype At = (4.9 m/s)12.0) = 58.8 m. 


b) r- ax? + y? = (45.6 m)! «(58.8 m)? = 74.4 m. 


3.3: The position is given by F = [4.0 cm + (2.5 cm/s? y? j£ + (5.0 cm/s)¥. 

(a)r(0) = [4.0 cm] , and 

r(2s)=[4.0cm + (2.5 cm/s?)(2 s)? E + (5.0 em/sY2:)7 = (14.0 cm) + (10.0 cm). Then 
using the definition of average velocity, v... mlima E. (5 cm/s + (5 em/s)j. 
Vive = 7.1 em/s atan angle of 45°. 

b) P= £ = (22.5 cm/s)# + (5 cm/s)j = (5 cm/s)# + (5 cm/s). Substituting for 

t — 0,15, and 2 s, gives: 
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9(0) = (5 cm/s)j, v(1s) = (5 em/sy + (5 cm/s)7 , and 9(2s) = (10 em/sy + (5 em/s)j. 
The magnitude and direction of v at each time therefore are: ¿= 0:5.0 cm/s at 90°; 
t —1.05: 7.1 cm/s at 45°; t = 2.05 : 11 em/s at 27°. 

c) 


3.4: v - 2bti + 3ct! f. This vector will make a 45? -angle with both axes when the x- and 
y-components are equal; in terms of the parameters, this time is 25/3c . 


3.5: a) 
YA 
b) £e (7170 m/s) - (90 m/s) zc m/s” ; 
(30.08) 
5 _ (40 WOUN oy ease? 
nin (30.03) i ! 


c) 4(-8.7 m/s’)? + (- 2:3 m/s? Y — 9.0 m/s?, arctan (222) 14.89 180? — 195^. 


8.7 
3.6: a) a, = (0.45 m/s^)cos31.0? = 0.39 m/s’, a, = (0.45 m/s" )sin31.0? = 0.23 m/s’, 
so v, = 2.6 m/s+(0.39 m/s‘ )(10.0s) = 6.5 m/s and 
v, 7 —1.8 m/s+ (0.23 m/s’ )(10.0s) = 0.52 m/s. 


b) v= (6.5 m/s)? + (0.52 m/s)" = 6.48 m/s , at an angle of arctan (222)— 4.6? above the 


horizontal. : 
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c) 


3.7: a) 


b) 
= oi — 2 fij = (2.4m/s)i - [QQ.4m/s^ y]j 


@ =—2 ff =(-2.4m/s°)}. 
c) At t= 2.0, the velocity is v = (2.4 m/s) — (4.8 m/s) ; the magnitude is 


JQ.4 m/s)’ + (-4.8 m/s)? = 5.4 m/s, and the direction is arctan (5)- —639. The 


acceleration is constant, with magnitude 2.4 m/ s^ in the — y -direction. d) The velocity 
vector has a component parallel to the acceleration, so the bird is speeding up. The bird is 
turning toward the — y -direction, which would be to the bird's right (taking the + z - 
direction to be vertical). 


3.8: 
x^ P4 
toy E 
3.9: a) Solving Eq. (3.18) with y 20, =0 and t=0.350s gives y, = 0.600 m. 
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b) v t= 0.385 m c) v, =v, - 1.10 m/s, v, =—gt =—3.43 m/s, v= 3.60 m/s, 72.2? 
below the horizontal. 


3.10: a) The time ¢ is given by ¿= |% = 7.82 s. 

b) The bomb’s constant horizontal velocity will be that of the plane, so the bomb 
travels a horizontal distance x = v,t = (60 m/s)(7.82s) = 470 m. 

c) The bomb’s horizontal component of velocity is 60 m/s, and its vertical component 
is — gt = —76.7 m/s. 
d) 


e) Because the airplane and the bomb always have the same x-component of velocity and 
position, the plane will be 300 m above the bomb at impact. 


3.11: Take + y to be upward. 


Use Chirpy's motion to find thé bigbe ot Wei lift. me 


vy, 70, a, =—9.80 m/s’, y- y, =—h, t—3.50s 

Y- yo 7 vt^ Lat? gives% = 60.0 m 

Milada: Use vertical motion to find time in the air. 

Voy 7v, 5in32.0*, y— y, =—60.0m, a, ——9.80 m/s’, t=? 
Y- y= Voptt dat givest = 3.55s 


Then vp, =v, c0832.0°, a, =0, £— 3.55s gives x— x, =2.86m. 


3.12: Time to fall 9.00 m from rest: 


9.00m = 5 G-8m/s^y 
t=1.36s 


Speed to travel 1.75 m horizontally: 
X = vgt 
1.75m = v, (1.368) 
vy =1.3m/s 


3.13: Take +y to be upward. 
Use the vertical motion to find the time in the air: 


vy, =0, a, =—9.80 m/s", y- y, = -(21.3m-1.8m) - -19.5 m, t=? 
Y- yo =V%,t+4a,t' givest 21.9955 
Then x—x, =61.0m, a, = 0, 1—1.995s,w,, =? 
x—x, — wy, Lat? gives vy, = 30.6 m/s. 
b) v, = 30.6 m/s since a, 2 0 
vy 7 vg, - at — —19.6 m/s 


y= 45 tv = 36.3 m/s 


3.14: To make this prediction, the student needs the ball’s horizontal velocity at the 
moment it leaves the tabletop and the time it will take for the ball to reach the floor (or 
rather, the rim of the cup). The latter can be determined simply by measuring the height 
of the tabletop above the rim of the cup and using y= i gt” to calculate the falling time. 
The horizontal velocity can be determined (although with significant uncertainty) by 
timing the ball’s roll for a measured distance before it leaves the table, assuming that its 
speed doesn't change much on the hard tabletop. The horizontal distance traveled while 
the ball is in flight will simply be horizontal velocity x falling time. The cup should be 
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placed at this distance (or a slightly shorter distance, to allow for the slowing of the ball 
on the tabletop and to make sure it clears the rim of the cup) from a point vertically below 
the edge of the table. 


3.15: a) Solving Eq. (3.17) for v, 20, with v,, = (15.0 m/s)sin 45.0°, 


_ (15.0 m/s)sin 45° 
|». 980 m/s" 

b) Using Equations (3.20) and (3.21) gives at ¢,, (x, y) = (6.18 m,4.52 m): 
t,, (11.5 m,5.74 m): 5,(168 m,4.52 m). 


T — 1.08 s. 


c) Using Equations (3.22) and (3.23) gives at 
f, (v,,v,) = (00.6 m/s,4.9 m/s) : t,, (10.6 m/s,0)*, : (10.6 m/s,— 4.9 m/s), for 
velocities, respectively, of 11.7 m/s @ 24.8?, 10.6 m/s @ 0? and 11.7 m/s @ —24.8?. 
Note that v, is the same for all times, and that the y-component of velocity at £, is 
negative that at $. 


d) The parallel and perpendicular components of the acceleration are obtained from 


_ (real, lē), = mE 

a = ae "E idi Ja.]- 41a |- | a]. 
For projectile motion, a = —gj, so aà- V — — gv, , and the components of acceleration 
parallel and perpendicular to the velocity are #, :—4.1 m/s?, 8.9 m/s? . £, :0,9.8 m/s? . 
t, :4.1 m/s*,8.9 m/s’ . 
e) 


ü à 2 s : kx DI 
ü á n l5 20 


f) At f; the projectile is moving upward but slowing down; at £; the motion is 
instantaneously horizontal, but the vertical component of velocity is decreasing; at &, the 
projectile is falling down and its speed is increasing. The horizontal component of 
velocity is constant. 


3.16: a) Solving Eq. (3.18) with y — 0, y, = 0.75m gives £— 0.391s. 
b) Assuming a horizontal tabletop, v;,, = 0, and from Eq. (3.16), 
Vo, 7 (x ^x9)/t — 3.58 m/s. 
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c) On striking the floor, v, = -gt - —/2gy; =—3.83m/s, and so the ball has a velocity 
of magnitude 5.24 m/s, directed 46.9? below the horizontal. 


d) 


Although not asked for in the problem, this y vs. x graph shows the trajectory of the 
tennis ball as viewed from the side. 


3.17: The range of a projectile is given in Example 3.11, R — v? sin2a,/g. 
a) (120 m/s)? sin1109/(9.80 m/s’ ) = 1.38 km b) (120 m/s)? sin 110°/(1.6 m/s’) = 8.4 km. 
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3.18: a) The time ¢ is “2 = 1899 —1 635, 
£ 9.80 m/s 


b) A gt? =1y t= -13.1 m. 
c) Regardless of how the algebra is done, the time will be twice that found in part (a), 
or3.27s d) v, is constant at 20.0 m/s, so (20.0 m/s)(3.27 s) = 653 m. 


3.19: a) vo, = (30.0 m/s)sin 36.9? = 18.0 m/s ; solving Eq. (3.18) for ¢ with y, =0 and 
y=10.0m gives 


2 
fies (18.0 m/s)+ yd 8.0 m/s)? — 2(9.80 m/s^)(10.0 m) — 0.68 5,2995 
9.80 m/s* 

b) The x-component of velocity will be (30.0 m/s)cos36.9? — 24.0 m/s at all times. 
The y-component, obtained from Eq. (3.17), is 11.3 m/s at the earlier time and 
—11.3 m/s at the later. 

c) The magnitude is the same, 30.0 m/s , but the direction is now 36.9? below the 
horizontal. 


3.20: a) If air resistance is to be ignored, the components of acceleration are 0 
horizontally and — g = —9.80 m/s’ vertically. 

b) The x-component of velocity is constant at v, = (12.0 m/s)cos 51.0? = 7.55 m/s. The 
y-component is v;, = (12.0 m/s)sin 51.0? = 9.32 m/s at release and 
Yo, — gt = (10.57 m/s) — (9.80 m/s* (2.08 s) - 11.06 m/s when the shot hits. 

€) vp t= (7.55 m/s)(2.08 s) 2 15.7 m. 

d) The initial and final heights are not the same. 
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e) With y 2 0 and vo, as found above, solving Eq. (3.18) for y, 2 1.81m. 


3.21: a) The time the quarter is in the air is the horizontal distance divided by the 


horizontal component of velocity. Using this time in Eq. (3.18), 


2 
x gx 

y-n — y —— op 

á Voy 


Yo 
2 
gx 


x 


— [an « —— — MÀ 
i vi 2cos’ a, 
(9.80 m/s*)(2.1 m)? 


7 a =1.53 mrounded. 
2(6.4 m/s)" cos“ 60° 


= tan 60°(2.1m)— 


b) Using the same expression for the time in terms of the horizontal distance in 


Eq. (3.17), 


2 
v, 7 v, Sin a; —-——&£ _ = (6.4 m/s)sin go». 2:80 m/s )2.1m) = 0.89 m/s. 
yy COSA, (6.4 m/s)cos 60? 


3.22: Substituting for ¢ in terms of d in the expression for y,,, gives 


gd 
—d| tana, - —-3—— 
Yam | 8 2v. cos’ a | 


Using the given values for d and œ, to express this as a function of v, , 
26.62 m? /s? 
vo 


y= (3.00 m| 030- 
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Then, a) y -2.14m, b) y » 1.45m, c) y — -2.29 m. In the last case, the dart was fired 


with so slow a speed that it hit the eround before traveling the 3-meter horizontal 
distance. 
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d) 


Wher I2 ys, When v, — 3 mis. 


3.23: a) With v, — 0 in Eq. (3.17), solving for ¢ and substituting into Eq. (3.18) gives 


2 ROE i eb / 

Y v; sin g 30.0 m/s)“ sin * 33.0° 
(y-3)-7 — "uUa amps o _ (0.0 m/s)’ sin” 33.0° ) 2 —13.6 m 

2g 2g 2(9.80 m/s*) 


b) Rather than solving a quadratic, the above height may be used to find the time the 
rock takes to fall from its greatest height to the ground, and hence the vertical component 


of velocity, v, — J2yg = 42(28.6m)(9.80 m/s^) = 23.7 m/s , and so the speed of the 
rock is (23.7 m/s)! + ((30.0 m/s)(cos33.0°))? = 34.6 m/s. 


c) The time the rock is in the air is given by the change in the vertical component of 
velocity divided by the acceleration —g; the distance is the constant horizontal 
component of velocity multiplied by this time, or 


Sas -— 1 o 
x = (30.0 n/s)cos33, 0° 23:7 m/s (80.0 m/s)sin33.0) 


] - 103m. 
(-9.80 m/s") 


d) 
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3.24: a) 


v, cosat = 45.0 m 


45.0 m 


osa = — — U:600 
(25.0 m/s)(3.00s) 


a =53.1° 


b) 
v, = (25.0 m/s)cos 53.1? = 15.0 m/s 
y,-0 
v 215.0 m/s 
a = 9.80 m/s? downward 


c) Find y when ¢= 3.00s 


y sinat gt" 


=(25.0 m/s)(sin53.1°)(3.00s) - (9.80 m/s? 3.00 s)? 


=15.9m 
v, =15.0 m/s= constant 


v, =v sina: — gt =(25.0 m/s)(sin53.1°) — (9.80 m/s’ (3.00 s) =-9.41 


y2 dv? +v, 2 405.0 m/s)! + (-9.41 m/s? =17.7 m/s 


3.25: Take + y to be downward. 
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a) Use the vertical motion of the rock to find the initial height. 
t= 6.00s, v, =+20.0s, a, — 49.80 n/s', y- y, =? 


Y- Ys -wyLt taut gives y — y, = 296m 


b) In 6.00 s the balloon travels downward a distance y — y; = (20.08)(6.00 5) - 120m. 
So, its height above ground when the rock hits is 296 m -120m —176 m. 


c) The horizontal distance the rock travels in 6.00 s is 90.0 m. The vertical component 
of the distance between the rock and the basket is 176 m, so the rock is 


(176m)? + (90 m)? =198m from the basket when it hits the ground. 


d) (i) The basket has no horizontal velocity, so the rock has horizontal velocity 15.0 
m/s relative to the basket. 
Just before the rock hits the ground, its vertical component of velocity is 


Vy 7 vg, + at = 20.08 + (9.80m/s*)(6.00s) = 78.8 m/s , downward, relative to the ground. 


The basket is moving downward at 20.0 m/s, so relative to the basket the rock has 
downward component of velocity 58.8 m/s. 
e) horizontal: 15.0 m/s; vertical: 78.8 m/s 


s à VS "n _ 60m 
3.26: a) horizontal motion: x— x, —v,,f 80 = zs 


vertical motion (take --y to be upward): 
y-y, =V%,t+4a,t’ gives 25.0m- (v, sin 43.0°¥¢+4(—9.80m/s’ y? 
Solving these two simultaneous equations for v, and ¢ gives v, —3.26 m/s and £= 2.518. 
b) v, when shell reaches cliff: 
Vy 7 vg, + af = (32.6 m/s) sin 43.0? — (9.80 m/s^)(2.51s) - —2.4 m/s 


The shell is traveling downward when it reaches the cliff, so it lands right at the edge of 
the cliff. 


3.27: Take + y to be upward. 
Use the vertical motion to find the time it takes the suitcase to reach the ground: 
Voy =v; Sin 23°, a, =—-9.80 m/s’, y- y, - -114m,t - ? 


y- Xs -wy iat gives t= 9.605 


The distance the suitcase travels horizontally is x — x, = v;, = (v, cos 23.0°)t = 795 m 


3.28: For any item in the washer, the centripetal acceleration will be proportional to the 
square of the frequency, and hence inversely proportional to the square of the rotational 
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period; tripling the centripetal acceleration involves decreasing the period by a factor of 
43 ,80 that the new period 7" is given in terms of the previous period T by T’= $45. 
p 8 p p y 


3.29: Using the given values in Eq. (3.30), 


2 6 
ao Se SIS HU shi mh dedii gs 
((24 h)(3600 s/h)) 
(Using the time for the siderial day instead of the solar day will give an answer that 
differs in the third place.) b) Solving Eq. (3.30) for the period 7 with au =g, 


2 6 
f qc (SOS ROM. 50708 oA A 
9.80 m/s 


3.30: 550 rev/min =9.17 rev/s , corresponding to a period of 0.109 s. a) From Eq. (3.29), 
y =4# =196 m/s. b) From either Eq. (3.30) or Eq. (3.31), 


a 71.13x10* m/s! =1.15x10 g. 


Arad 


3.31: Solving Eq. (3.30) for T' in terms of R and a,,, 


a)4J4z (7.0 my(3.0)(9.80 m/s’) = 3.075. b) 1.68 s. 


3.32: a) Using Eq. (3.31), 2& = 2.97 x10* m/s. b)Either Eq. (3.30) or Eq. (3.31) gives 
4,47 5.91x10? m/s". c) v-4.78x10^ m/s, and a— 3.97x107 mis’. 


3.33: a) From Eq. (3.31), a = (7.00 m/s)’ /(15.0 m) = 3.50 m/s’. The acceleration at the 
bottom of the circle is toward the center, up. 

b)a — 3.50 m/s? , the same as part (a), but is directed down, and still towards the center. 
c) From Eq. (3.29, T —-2zR/v-2z(15.0 my(7.00 m/s) 2 12.6s. 


3.34: a) a,, = (3m/s)' /(14 m)= 0.643 m/s’, and a, = 0.5 m/s? . So, 
a= ((0.643 m/s? Y + (0.5 m/s?) )'? = 0.814 m/s?,37.9? to the right of vertical. 
b) 
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3.35: b) No. Only in a circle would a,, point to the center (See planetary motion in 


Chapter 12). 
c) Where the car is farthest from the center of the ellipse. 


3.36: Repeated use of Eq. (3.33) gives a) 5.0 = m/s to the right, b) 16.0 m/s to the left, 
and c) 13.0 = m/s to the left. 


3.37: a) The speed relative to the ground is 1.5 m/s -- 1.0 m/s = 2.5 m/s, and the time is 
35.0 m/2.5 m/s = 14.0 s. b) The speed relative to the ground is 0.5 m/s, and the time is 
70 s. 


3.38: The walker moves a total distance of 3.0 km at a speed of 4.0 km/h, and takes a 
time of three fourths of an hour (45.0 min). The boat’s speed relative to the shore is 6.8 
km/h downstream and 1.2 km/h upstream, so the total time the rower takes is 


oim „okm apie Cena. 
68km/h 1.2km/h 


3.39: The velocity components are 
— 0.50 m/s + (0.40 m/sy /2east and. (0.40 m/sy y2 south, 
for a velocity relative to the earth of 0.36 m/s, 52.5? south of west. 


3.40: a) The plane's northward component of velocity relative to the air must be 80.0 
km/h, so the heading must be arcsin 55 = 14? north of west. b) Using the angle found in 


part (a), (320 km/h) cos 14? 2 310 km/h. Equivalently, 


(320 km/h)? — (80.0 km/h)? —310 kmh . 


3.41: a) 42.0 m/s)! + (4.2 m/s)! — 4.7 m/s, arctan 22 = 25.5° , south of east. 


b) 800m/4.2m/s-190$.— ^W FreeLibros.me 


c) 2.0 m/s x190s= 381m. 


3.42: a) The speed relative to the water is still 4.2 m/s; the necessary heading of the boat 


is arcsin 22 — 28? north of east. b) Ja2 m/s) — (2.0 m/s)? — 3.7 m/s, east. d) 
800 m/3.7 m/s — 217 s, rounded to three significant figures. 


3.43: a) 


b) x :-(10 m/s)cos 45? = —7.1 m/s. y = —(35 m/s) — (10 m/s)sin 45? = —42.1 m/s . 


c) 477.1 m/s)! + (42.1 m/s)" = 42.7 m/s, arctan £4 = 80° , south of west. 


-71 


3.44: a) Using generalizations of Equations 2.17 and 2.18, 
y, 2v, HFE, v, =V Bt E and x ^vt 30, yvy t 56 — L6. b) Setting 
v, 70 yields a quadratic in £,0— v, + ft —7 t^, which has as the positive solution 


ratla FS. Dry |-13.59 8, 
y 


keeping an extra place in the intermediate calculation. Using this time in the expression 
for y(f) gives a maximum height of 341 m. 
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c) 


0 eni i P iae 
u pm 2305 3-40! 4. pv 
itt 


d) The time at which y =0 involves solving another quadratic, 0 = v,, +r- ty? (note 


that the root £= 0 has been factored out). Solving for £ gives t= 20.735 (keeping the 
extra figure in the intermediate calculation), at which time x = 38.5 km. 


3.45: a) The a, — 0 and a, — —2£ , so the velocity and the acceleration will be 
perpendicular only when v, = 0, which occurs at ? — 0. 
b) The speed is v= (o^ 45762, dv/ dt = 0 at £ - 0. (See part d below.) 


C) r and v are perpendicular when their dot product is 0: 
(a£Ya)-4 (15.0 m — £^) x (251) = a?t — (30.0 m) ft + 284 =0. Solve this for t: 


t= pjr e — 45.208 s , and 0 s, at which times the student is at (6.25 m, 


1.44 m) and (0 m, 15.0 m), respectively. 

d) At £ = 5.208 s, the student is 6.41 m from the origin, at an angle of 13° from the x- 
axis. A plot of d (t) ^ (x(t)? + y(2)? )* shows the minimum distance of 6.41 m at 5.208 
8: 


M PSSA w $3853 X sm 


e) In the x - y plane the student's path is: 
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3.46: a) Integrating, F = (a? — £^) + (20^) . Differentiating, à — (-2)E «y j. 


b) The positive time at which x — 0 is given by ¢* = 3a/ f . At this time, the y-coordinate 
is 
y- Lg. Say, 30 Amis 0m/s') 


3 -9.0m 
2 2p 2(1.6 m/s?) 


3.47: a) The acceleration is 
v!  ((88 km/h)(1m/sy/(3.6 km/h) 
^ 2x 2(300 m) 
b) arctan(, £25. )- 5.4? . c) The vertical component of the velocity is 
(88 knyh Y, 195. 52. = 2.3 m/s. d) The average speed for the first 300 m is 44 km/h, so 
the elapsed time is 
300m 160m 


A E ee 
(44 km/h)(1m/s)(3.6 km/h) (88 km/h)(1m/s)cos5.4?/(3.6 km/h) 
or 31 s to two places. 


— 31.1s, 


3.48: 


a) 


+ : 


E 


The equations of motions are: 
y=h4+(ysin ay- gt 
X = (v, Cos af 
Y, 7 vy sin a— gt 


v, = Vy COS & 
www.FreeLibros.me 


Note that the angle of 36.9" results in sin 36.9? = 3/5 and cos 36.99 = 4/5. 
b) At the top of the trajectory, v, = 0. Solve this for ¢ and use in the equation for y to 


mid tie ixl £= se Then, y— b (v, sin afit) gete} , which 


reduces to y= p MES : =, Using v; = J25gh/8 , and sin a=3/5, this becomes 
y- j 4 Cebu — ides y-ih.Note: This answer assumes that y, =. Taking 


y; = 0 will give a result of y = Ẹ% (above the roof). 
C) The total time of flight can be found from the y equation by setting y= 0, assuming 
yy = #, solving the quadratic for ¢ and inserting the total flight time in the x equation to 
find the range. The quadratic is = L gt? —y, —h=0. Using the quadratic formula gives 


_ GIS ot (sys Y -AeA =A) " MEOE 784,2. et 
. Substituting v, = 425gh/8 gives t= ———— — 


(Ws —— 
Collecting terms gives £: t= 1 [E (=) 1(3 EES Z). Only the positive root is 


meaningful and so ¢= AR . Then, using x = (v; cos a)t,x = 2264 /2)- 4h. 


3.49: The range for a projectile that lands at the same height from which it was launched 
is R- 2E, Assuming a=45°, and R= 50m, v = y gR =22 ms. 


3.50: The bird's tangential velocity can be found from 


a SEGUE E a 


time of rotation 5.005 5.00s 
Thus its velocity consists of the components v, —10.05 m/s and v, =3.00 m/s. The speed 
relative to the ground is then 
vevi+ v — 10.052 + 3.002 = 10.49 m/s or 10.5 m/s 
(b) The bird’s speed is constant, so its acceleration is strictly centripetal-entirely in the 
horizontal direction, toward the center of its spiral path-and has magnitude 
v? (10.05 m/s)’ 


q,2—-25— — =12.63m/s* or 12.6nys' 
r 8.00m 


(c) Using the vertical and horizontal velocity components: 
4, 3.00 m/s 2166 


8 — tan 
10.05 m/s 


3.51: Take + y to be downward. 

Use the vertical motion to find the time in the air: 
o = a, 29.80 n/s^, y- xj -25m,t- ? 

Y- yy 7 Wt + Lay gives t= 2.2595 
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During this time the dart must travel 90 m horizontally, so the horizontal component of 
its velocity must be 


3.52: a) Setting y ——& in Eq. (3.27) (5 being the stuntwoman's initial height above the 
ground) and rearranging gives 
ve 2v; sin a, Cos a, eee 2v; 1 - 0, 
g g 
The easier thing to do here is to recognize that this can be put in the form 


2v, V, Dy? 
2 Ox "0 
er? m ee 


£ £ 


x=% " E PUE, d nk 55.5 m (south). 
£ 
b) The graph of v, (7) is a horizontal line. 


10d 


the solution to which is 


3.53: The distance is the horizontal speed times the time of free fall, 


v, [7 = (640 mis) | G0 m). 274m. 
g (9.80 vs?) 


3.54: In terms of the range R and the time ¢ that the balloon is in the air, the car’s original 
distance is d = R+ v,,¢. The time £ can be expressed in terms of the range and the 


horizontal component of velocity, t=—“—, so d= Ri + cem ) Using 


> 
Vo COSA, Up cos 


R =v; sin 2a,/g and the given values yields d = 29.5 m. 
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3.55: a) With a — 45? , Eq. (3.27) is solved for x - =, - In this case, y - -0.9m is the 


change in height. Substitution of numerical values gives v, = 42.8 m/s. b) Using the 
above algebraic expression for v, in Eq. (3.27) gives 


2 
X 
sa | =" —| eon 
alin: E ) 


Using x=116m gives y = 44.1 m above the initial height, or 45.0 m above the ground, 
which is 42.0 m above the fence. 


3.56: The equations of motions are y — (v, sin «t — 1/2gf^ and x = (v, cos a) , assuming 
the match starts out at x= 0 and y — 0. When the match goes in the wastebasket for the 
minimum velocity, y = 2D and x - 6D . When the match goes in the wastebasket for the 
maximum velocity, y - 2D and x =7D. In both cases, sin a — cosa = 2/2. 


To reach the minimum distance: 6D — ay, and 2D = Byt -4 Lgr^. Solving the first 
equation for ¢ gives t= E . Substituting this into the second equation gives 


2D = 6D 4 g(2J . solving this for v, gives v, - 3D. 
To reach the maximum distance: 7.D — CUR and 2D = Byt —Ł gt’. Solving the first 
equation for ¢ gives t= se, Substituting this into the second mit 


gives2D - 7D — 1g? J'. Solving this for v, gives v, = /49gD/5 — 3.13 gD , which, 


as expected, is larger than the previous result. 


3.57: The range for a projectile that lands at the same height from which it was launched 
is R= nan, and the maximum height that it reaches is H = xe We must find R 
when H = D and v, = J6gD . Solving the height equation for sin a, D= EN or 
sing = (1/3)'"?. Then, R = £22:£973, or R = 5.6569D = 442D. 


3.58: Equation 3.27 relates the vertical and horizontal components of position for a given 
set of initial values. 
a) Solving for v, gives 


yu ? /2 cos! a 
= x tana,—y i 
Insertion of numerical values gives v, = 16.6 m/s. 
b) Eliminating ¢ between Equations 3.20 and 3.23 gives v, asa function of x, 
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: gx 
v, =v Sin à ——— 7 ———. 
Vy COS &, 


Using the given values yields v, = v; cosa; = 8.28 m/s,v, = —6.98 m/s, so 


v= (8.28 m/s)! + (—6.98 m/s)? 210.8 m/s, at an angle of arctan (£35) - 40.1? , with 


the negative sign indicating a direction below the horizontal. 
c) The graph of v, (7) is a horizontal line. 


Nu 10, 


3.59: a) In Eq. (3.27), the change in height is y — —A. This gives a quadratic equation in 
x, the solution to which is 


2 

cos & 2gh 
ER d 
g 


E de sin ar, +4 v5 sin? ar + 2g. | 
If # = 0, the square root reduces to v; sin œ, and x= R. b) The expression for x 


becomes x = (10.2 m) cos œ, + [sin? œ + J'sin* a, + 0.98] 


The angle œ, = 90? corresponds to the projectile being launched straight up, and there 
is no horizontal motion. If a, = 0, the projectile moves horizontally until it has fallen the 
distance #. 


ù i i : x: 
^ (0 20 30 40 56.40 FA Sa ON 
ag 
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c) The maximum range occurs for an angle less than 45°, and in this case the angle is 
about 36?. 


3.60: a) This may be done by a direct application of the result of Problem 3.59; with 
a@, =—40°, substitution into the expression for x gives 6.93 m. 


b) 


pe 


c) Using (14.0 m —19 m) instead of & in the above calculation gives x = 6.3 m, so the 
man will not be hit. 


3.61: a) The expression for the range, as derived in Example 3.10, involves the sine of 
twice the launch angle, and 

sin (2(90? — œ, )) = sin (180? — 2a, ) = sin 180? cos 2a, — cos 180? sin 2a, = sin 2@,, 
and so the range is the same. As an alternative, using sin(90? — @,)=cosa@ and 
cos(90? — œ, ) = sina, in the expression for the range that involves the product of the sine 


and cosine of œ, gives the same result. 
b) The range equation is R = d . In this case, v; = 2.2 m/s and R = 025 m. 


Hence sin 2a = (9.8 m/s^)(0.25 m)/(2.2 m/s’), or sin 2a = 0.5062; and a —15.2? or 
74.89. 


3.62: a) Using the same algebra as in Problem 3.58(a), v, =13.8 m/s. 


b) Again, the algebra is the same as that used in Problem 3.58; v — 8.4 m/s, at an angle 
of 9.1?, this time above the horizontal. 
c) The graph of v, (t) is a horizontal line. 
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i i a 
0 O25 Q03 073 1 


0 - 
W Ux S (UM 1 


t 
A graph of p(t) vs. x(£) shows the trajectory of Mary Belle as viewed from the side 
Á 


vtr) 


x(t) 


d) In this situation it's convenient to use Eq. (3.27), which becomes 
y = (1.327)x — (0.071115 m ')x^. Use of the quadratic formula gives x = 23.8 m. 


3.63: a) The algebra is the same as that for Problem 3.58, 
. gc 
Vo = 2 2 . 
cos’ @,(xtana@, — y) 
In this case, the value for y is —15.0 m, the change in height. Substitution of numerical 


values gives 17.8 m/s. b) 28.4 m from the near bank (i.e., in the water! ). 
3.64: Combining equations 3.25, 3.22 and 3.23 gives 
v! 2 v1 cos’ a, + (v, sina, — gt) 
=v, (sin? æ, +cos* a, ) - 2v, sina, gt + (gt)' 
=v, -2gí(v, sinat -Z gt”) 
=v, - 2gy, 
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where Eq. (3.21) has been used to eliminate ¢ in favor of y. This result, which will be seen 
in the chapter dealing with conservation of energy (Chapter 7), is valid for any y, 
positive, negative or zero, as long asv’ > 0. For the case of a rock thrown from the roof 
of a building of height #, the speed at the ground is found by substituting y — —& into the 


above expression, yielding v — ve + 2gh , which is independent of a, . 


3.65: Take + y to be upward. The vertical motion of the rocket is unaffected by its 
horizontal velocity. 


a) v, = 0 (at maximum height), v,, = +40.0 m/s, 2, = —9.80 ms’, y- y, =? 
Y; = Voy + 2a,(¥— W) gives y—y, =81.6m 
b) Both the cart and the rocket have the same constant horizontal velocity, so both 


travel the same horizontal distance while the rocket is in the air and the rocket lands in 
the cart. 


c) Use the vertical motion of the rocket to find the time it is in the air. 
Voy = 40nys, a, =—9.80 m/s’,v, =—40 m/s,¢ =? 
vy, =V +a,t gives £—8.1648 
Then x— x; = %,f = (30.0 m/sY(8.1643) = 245m. 
d) Relative to the ground the rocket has initial velocity components y,, = 30.0 m/s and 
Vo, 7 40.0 m/s , so it is traveling at 53.1? above the horizontal. 


e) (i) 


Relative to the cart, the rocket travels straight up and then straight down 


(ii) 


Relative to the ground the rocket travels in a parabola. 


3.66: (a) 
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v, (runner) = v, (ball) 
6.00 m/s = (20.0 m/s) cos 


cosé = 0.300 
VS 72.5" 


Time the ball is in the air: 


y=v,sinét—+g¢° 


—45.0m = (20.0 m/s)(sin72.5°)t — 5 9.80 m/s” yr? 


Solve for t: t= 5.5495. 


x= v, Cos = (20.0 m/s)(cos72.5°)(5.549s) 
= 33.4m 


(b) x 
{i} oF we 


45,0 cu 


(ii) | 


45.0 m | * 


3.67: Take + y to be downward. 


a) Use the vertical motion of the boulder to find the time it takes it to fall 20 m to the 
level of the surface of the water. 


vy, 7 0,a, =9.80 m/s, y- y, =20m, t=? 
Y- ys =%,t+4a,t’ givest 22.025 
The rock must travel 100 m horizontally during this time, so 
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b) The rock travels downward 45 m in going from the cliff to the plain. Use this 
vertical motion to find the time: 


Vp, = 0,a, 29.80 mis", y- y, - 45m,t- ? 
Y- yy =W t+ 5a,t^ givest = 3.03s 

Durins this time the rock travels horizontally 
Xx— X, =V t = (49 m/sY(3.03s) - 150m 

The rock lands 50 m past the foot of the dam. 


3.68: (a) When she catches the bagels, Henrietta has been jogging for 9.00 s plus the time 
for the bagels to fall 43.9 m from rest. Get the time to fall: 


bs 

=> gt 

YE 
439m - Z (980ms" yt 

t— 2.995 


So she has been jogging for 9.00 s+ 2:998 —12.0s. During this time she has gone 
x — vt = (3.05 m/s)(12.03) = 36.6 m. Bruce must throw the bagels so they travel 36.6 m 


horizontally in 2.99 s 
x= vt 
36.6 m = v(2.99s) 
v=12.2 m/s 


(b) 36.6 m from the building. 


3.69: Take + y to be upward. 


a) The vertical motion of the shell is unaffected by the horizontal motion of the tank. 
Use the vertical motion of the shell to find the time the shell is in the air: 


Voy = W% Sina = 43.4 m/s, a, — —9.80 m/s’, y — y = 0 (returns to initial height)? =? 
y- yo =Voyt + Lat gives? —8.865 

Relative to tank #1 the shell has a constant horizontal velocity v, cose = 246.2 m/s. 
Relative to the ground the horizontal velocity component is 
246.2 m/s +15.0 m/s = 261.2 m's . Relative to tank #2 the shell has horizontal velocity 
component 261.2 m/s — 35.0 m/s = 226.2 m/s. The distance between the tanks when the 
shell was fired is the (226.2 m/s)(8.865) — 2000 m that the shell travels relative to tank 
#2 during the 8.86 s that the shell is in the air. 

b) The tanks are initially 2000 m apart. In 8.86 s tank #1 travels 133 m and tank #2 
travels 310 m, in the same direction. Therefore, their separation increases by 
310m- 183m —177 m. So, the separation becomes 2180 m (rounding to 3 significant 


figures). ; 
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3.70: The firecracker's falling time can be found from the usual 
[2h 
£ = — 
8 
The firecracker’s horizontal position at any time ¢ (taking the student’s position as x = 0) 


is x vt la^ =0 when cracker hits the ground, from which we can find that ¢ = 2v/a. 
Combining this with the expression for the falling time: 


dv p 
a Yg 
30 
2v'g 
h-—; 
a 


3.71: a) The heisht above the player's hand will be My Mim a _ 0 40g , 50 the 


2g 2g 
maximum height above the floor is 2.23 m b) Use of the result of Problem 3.59 gives 
3.84m. c)The algebra is the same as that for Problems 3.58 and 3.62. The distance y is 
3.05m- 1.83m - 1.22 m, and 


(9.80 m/s? (4.21 m)* 8.65 m/s 
Y, = O ORe a ne ee ES . o 
s 2cos? 35*((4.21 m)tan 35? — 1.22 m) 


d) Às in part (a), but with the larger speed, 
1.83 m + (8.65 m/s)! sin? 35?/2(9.80 m/s?) = 3.09 m. 


The distance from the basket is the distance from the foul line to the basket, minus half 
the range, or 


4.21 m- (8.655 m/s)’ sin 70°/ 2(9.80 m/s’) = 0.62 m. 
Note that an extra figure in the intermediate calculation was kept to avoid roundoff error. 


3.72: The initial y-component of the velocity is v}, — J2gy , and the time the pebble is in 
flight is t=./2¥/ g . The initial x-component is v,, = x/ t= yx'gi/dy. The magnitude of 


the initial velocity is then 
2 2 
vy 2gy S = Jey uo. i 
2y 2y 


and the angle is arctan(*}= arctan (2y/ x). 


3.73: a) The acceleration is given as g at an angle of 53.1? to the horizontal. This is a 3- 
4-5 triangle, and thus, a, = (3/5)g and a, = (4/5)g during the "boost" phase of the flight. 
Hence this portion of the flieht is a straight line at an angle of 53.1? to the horizontal. 
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After time F, the rocket is in free flight, the acceleration is a, — 0 and a, = g , and the 


familiar equations of projectile motion apply. During this coasting phase of the flight, the 
trajectory is the familiar parabola. 


Fi 


b) During the boost phase, the velocities are: v, = (3/5)gt and v, = (4/5)gt , both 
straight lines. After £= 7', the velocities are v, — (3/5)gT , a horizontal line, and 
vy 7 (4/5)gT — g(t — T) , a negatively sloping line which crosses the axis at the time of 
the maximum height. 


Pas + 


c) To find the maximum height of the rocket, set v, 7 0, and solve for £ where £— 0 
when the engines are cut off, use this time in the familiar equation for y. Thus, using 
t—(4/5)T and 
Jas 73) + Vogt SEU Xue = SET VERTO T) zu D), egal Fel Eg. 
Combining terms, y... =7 gI - 


d) To find the total horizontal distance, break the problem into three parts: The boost 
phase, the rise to maximum, and the fall back to earth. The fall time back to earth can be 


found from the answer to part (c), (18/25)g7" = (1/2)g£^, or t= (6/5)T . Then, 
multiplying these times and the velocity, x = 5 gT^ + G eT (4T)+ G gT YS T), or 
x-igf!4ÓLgT.gT'. Combining terms gives x - 2 gf". 


3.74: In the frame of the hero, the range of the object must be the initial separation plus 
the amount the enemy has pulled away in that time. Symbolically, 


R=% + Vent = X) Vg, i > Where vey is the velocity of the enemy relative to the hero, £ 
is the time of flight, v, is the (constant) x-component of the grenade's velocity, as 
measured by the hero, and R is the range of the grenade, also as measured by the hero. 
Using Eq. (3-29) for R, with sin 2a, 
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2 
PS sas dai SD or v - (V2vga Vo — gx = 0. 
g g 


This quadratic is solved for 


i TEn v3, +4gx,)=61.1kmh, 


where the units for g and x, have been properly converted. Relative to the earth, the x- 
component of velocity is 90.0 km/h + (61.1 km/h)cos45? =133.2 km/h , the y-component, 
the same in both frames, is (61. 1km/h)sin 45° = 43.2 km/h , and the magnitude of the 
velocity is then 140 km/h. 


3.75:a) x!4 y! - (Rcosct) 4 (Rsinct)! = R (cos! at 4 sin? at)= R^, 
so the radius is R. 


b) v, = —oR sin wt, Y, cR cos ot, 
and so the dot product 
Fey — XV, t yV, 
= (Roos ot -oR sin ax ) 4- (Rsin o (oRcos ax) 
= oR(—cos @ sin ox + sin ox cos ex ) 
=0. 


c) a= —o' Rcos at =—a'x, a, c Rsinox — —e» y, 


andso @=—a’F and a— o^ R. 


d) v! =vi+ y; = (CoRsin ot) + (oRcosor)! = o R (sin? wt + cos’ wt) = o R^ , and so 


v-oR. 


e) a-oR- (ory sr 
R R 
3.76:a) 

ge = B" ve +y 

di dt ? 
O02) +) 

ve + v 
_ Vly +V,a, 
vty 


b) Using the numbers from Example 3.1 and 3.2, 
dv (-1.0m/s(-050 m") + (13m/s)(030 m/s") 


d t me 2 2 
wily eo RED RSS AUS) 


= 0.54 m/s. 


The acceleration is due to changing both the magnitude and direction of the velocity. If 
the direction of the velocity is changing, the magnitude of the acceleration is larger than 


the rate of change of speed. c) v:a— v,a, ^ v,ay,, V= v? tv ,and so the above form 


for & is seen to be v- a/ v. 


3.77: a) The path is a cycloid. 


b) To find the velocity components, take the derivative of x and y with respect to time: 
v, = Ra(l—coswt), and v, = Rosin wt. To find the acceleration components, take the 


derivative of v, and v, with respect to time: a, — Ra’ sin wt, and a, = Ro! cosox. 
C) The particle is at rest (v, =v, = 0) every period, namely at £= 0,2z/co, 4 / co,.... At 


that time, x = 0,2zR, AzR,..; and y= 0. The acceleration is a= Ro’ in the 
+ y - direction. 


d) No, since a — no? sin at} + (Ro? aal = Ro’. 


3.78: A direct way to find the angle is to consider the velocity relative to the air and the 
velocity relative to the ground as forming two sides of an isosceles triangle. The wind 
direction relative to north is half of the included angle, or arcsin(10/50)=11.53°, east of 


north. 


3.79: Finding the infinite series consisting of the times between meeting with the brothers 
is possible, and even entertaining, but hardly necessary. The relative speed of the brothers 
is 70 km/h, and as they are initially 42 km apart, they will reach each other in six-tenths 
of an hour, during which time the pigeon flies 30 km. 


3.80: a) The drops are given as falling vertically, so their horizontal component of 
velocity with respect to the earth is zero. With respect to the train, their horizontal 
component of velocity is 12.0 m/s, west (as the train is moving eastward). b) The 
vertical component, in either frame, is (12.0 m/s)/ ( tan 30°) = 20.8 m/s, and this is the 
magnitude of the velocity in the frame of the earth. The magnitude of the velocity in the 


frame of the train is J(12.0 m/s)? «(20.8 m/s)? = 24 m/s. This is, of course, the same as 


(12.0 m/s)/sin 30°. 
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3.81: a) With no wind, the plane would be 110 km west of the starting point; the wind has 
blown the plane 10 km west and 20 km south in half an hour, so the wind velocity is 


(20 km/h)? +(40km/h)’ = 44.7 km/h at a direction of arctan(40/20) = 63° south of 
west. b) arcsin(40/220) 210.5? north of west. 


3.82: a) 2D/v b) 2Dv/(! — w^) c) 2D/x v! -w° d) 1.50 h, 1.60 h, 1.55 h. 


3.83: a) The position of the bolt is 3.00 m + (2.50 m/s)t — 1/2(9.80 m/s? y^, and the 
position of the floor is (2.50 m/s). Equating the two, 3.00 m = (4.90 m/s^)?. Therefore 
£—0.782s. b) The velocity of the bolt is 2.50 m/s — (9.80 m/s’ (0.782) = —5.17 m/s 
relative to Earth, therefore, relative to an observer in the elevator 

y 2 —5.17 ms — 2.50 m/s = —7.67 m/s. c) As calculated in part (b), the speed relative to 
Earth is 5.17 nv's. d) Relative to Earth, the distance the bolt travelled is 

(2.50 m/syt — 1/ 2(9.80 m/s? ^ = (2.50 m/s(0.782 s) — (4.90 m/s’ )(0.782s)° — —1.04 m 


3.84: Air speed of plane = =" = 804.5 km/h 


6.60 h 


With wind from A to B: 
tas tha =6.70h 
Same distance both ways: 
(804.5 km/h +v, ias = — = 2655km 


(804.5knv/h+yv, ji, = 2655 km 
Solve (1), (2), and (3) to obtain wind speed v, : 
v, = 98.1 km/h 


3.85: The three relative velocities are: 

Vya, Juan relative to the ground. This velocity is due north and has magnitude 

Vya = 8.00 m/s. 

Vag, the ball relative to the ground. This vector is 37.0? east of north and has magnitude 
vya = 12.0m/s. 

V,,, the ball relative to Juan. We are asked to find the magnitude and direction of this 
vector. 

The relative velocity addition equation is Vj = Vy; + Vig 80 Vay = Vaa — Vy. 

Take + y to be north and +x to be east. 

Varz = +¥ pq Sin 37.0? = 7.222 m/s 

Vay = +Ywa €0837.0? — vyg = 1.584 m/s 


These two components give v,,, = 7.39 m/s at 12.4? north of east. 
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3.86: a) v, = J2gh - 42(9.80 m/s? )(4.90 m) =9.80m/s. b)w,/g-1.00s. c)The 


speed relative to the man is (10.8 m/s)? — (9.80 m/s)’ = 4.54 m/s, and the speed relative 
to the hoop is 13.6 m/s (rounding to three figures), and so the man must be 13.6 m in 
front of the hoop at release. d) Relative to the flat car, the ball is projected at an angle 


8 = tan Q9 9* - 65°. Relative to the ground the angle is 8 = tan! (, 299 — )— 35.7 


4.54 m/s 4.54 m/s49.10 m/s 


3.87: a) (150 m/s)' sin 2°/ 9.80 m/s? = 80 m. 
b) 1000 x 59x10 m^ 1 6197 


z(80 m) 

c) The slower rise will tend to reduce the time in the air and hence reduce the radius. 
The slower horizontal velocity will also reduce the radius. The lower speed would tend 
to increase the time of descent, hence increasing the radius. Às the bullets fall, the friction 
effect is smaller than when they were risine, and the overall effect is to decrease the 
radius. 


3.88: Write an expression for the square of the distance (D^) from the origin to the 


particle, expressed as a function of time. Then take the derivative of D^ with respect to f, 
and solve for the value of ¢ when this derivative is zero. If the discriminant is zero or 


negative, the distance D will never decrease. Following this process, sin ! 48/9 = 70.59. 


3.89: a) The trajectory of the projectile is given by Eq. (3.27), with a, = 8 4 ø, and the 
equation describing the incline is y = x tan &. Setting these equal and factoring out the 
x — 0 root (where the projectile is on the incline) gives a value for x,; the range 
measured along the incline is 


x/cos8 = [>i hano Me ano Ee) i 
g cos 


b) Of the many ways to approach this problem, a convenient way is to use the same 
sort of "trick", involving double angles, as was used to derive the expression for the range 
along a horizontal incline. Specifically, write the above in terms of a = 6 + 9, as 


2 
R- l PEE ; [ne cos a cos 9 — cos? e sin 9]. 
gcos 


The dependence on « and hence 9 is in the second term. Using the identities 

sina cose = (1/2)sin2« and cos’ a = (1/2)(1+cos2@), this term becomes 
(1/2)[cos0 sin 2o. — sin 0 cos 2a — sin 8] — (1/ 2)[sin(2o. — 89) — sin 6]. 

This will be a maximum when sin(2a — 8) is a maximum, at 2a — 0 = 2p + 0 = 90°, or 

g —45?—8/2. Note that this reduces to the expected forms when 8 = 0 (a flat incline, 
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q — 45? and when @ — —90? (a vertical cliff), when a horizontal launch gives the greatest 
distance). 


3.90: As in the previous problem, the horizontal distance x in terms of the angles is 
gx 1 
tan? = tan(8 + $)— | = | —; ——— . 
een) E m (8^ 6) 
Denote the dimensionless quantity gx/2v, by £; in this case 
B= (9.80 m/s? )(60.0 m)cos30.0? 
2(32.0 m/s)’ 


The above relation can then be written, on multiplying both sides by the product 
cos 8cos(8 + à), 


= 0.2486. 


; E _ fcos8 
sing cos(8 + à) — sin(P + 9)cos 8 mU ET s 
and so 
sin(8 + ¢)cos @ — cos(8 + $)sin 8 conti” 


The term on the left is sin((@ + 9) — 9) — sin ø so the result of this combination is 
sin écos(8 + 9) = f/cos8. 


Althoush this can be done numerically (by iteration, trial-and-error, or other methods), 
the expansion sinacosb = 4 (sin(a + b)+sin(a—)) allows the angle ø to be isolated; 
specifically, then 
Zeno +@)+sin(-@)) = f cos8, 
with the net result that 
sin(2¢+ 9) = 28 cos8 + sin 8. 

a) For 8 — 30°, and £ as found above, ø —19.3? and the angle above the horizontal is 
8 +ø — 49.3*. For level ground, using £ = 0.2871, gives ø —17.5?. b) For 8 =—30°, the 
same f as with 2 = 30? may be used (cos30° = cos(—30°)), giving ø —13.0? and 
$40 --—17.0?. 


3.91: In a time Az, the velocity vector has moved through an angle (in radians) Ag = *- 
(see Figure 3.23). By considering the isosceles triangle formed by the two velocity 
vectors, the magnitude lav] is seen to be 2vsin(ø/ 2), so that 


v (2 10 m/s 
in = 


—- sin(1.0/s- At) 
2R At 
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Using the given values gives magnitudes of 9.59 m/s, 9.98 m/s? and 10.0 m/s?. The 
instantaneous acceleration magnitude, v? / R = (5.00 m/s)’ /(2.50 m) — 10.0 m/s? is indeed 
approached in the limit at At — 0. The changes in direction of the velocity vectors are 
given by A8 = and are, respectively, 1.0 rad, 0.2 rad, and 0.1 rad. Therefore, the angle 
of the average acceleration vector with the original velocity vector is 

m$ 7/2 +1; 2rad(118.6°),7 / 2-- 0.1 rad (95.79), and z / 2+ 0.05 rad (92.99). 
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3.92: 
Adpliner — 1000 m I— 


Rocket 


The x-position of the plane is (236 m/s): and the x-position of the rocket is 
(236 m/s)t +1/2(3.00)(9.80 m/s’ )cos30*(: — T Y. The graphs of these two have the form, 


a. 1 


Rocket 


If wetake y= 0 to be the altitude of the airliner, then 
y(t) = -1/2gT? — gT(t — T)--1/ 2(3.00)(9.80 m/s? (sin 30? — T)? for the rocket. This 
graph looks like 


y 


Airliner 


By setting y= 0 for the rocket, we can solve for ¢ in terms of 
T,0— —(4.90 m/s? )T* — (9.80 m/s?)T (t — T) - (7.35 m/s?y(: — TY. Using the quadratic 
formula for the variable x 2 z — 7, we find 


(9.80 mis? yr (9.80 mis?r)? «(41735 mis" y4.9)7? 
xst- sA a 
207.35 m/s") 


or t=2.72T. Now, using 
the condition that x...,., — x,,,,, = 1000 m, we find 


(236 m/sy + (12.7 mis? )x (t - — (236 m/s) = 1000 m, or (1.727)? = 78.6s*. 
Therefore T = 5.15s. 


3.93: a) Taking all units to be in km and h, we have three equations. We know that 
heading upstream v,,, —v,,g = 2 where v,,,, is the speed of the curve relative to water 


ciw 


and v „g is the speed of the water relative to the ground. We know that heading 
downstream for a time £, (v.,,, -- v, 5)£ — 5. We also know that for the bottle 


ciw 
Vig(E 4 1) 2 3. Solving these three equations for v,,,g = X, Varm = 24 x, therefore 
(24 x+x}t=5 or (2+2x)% = 5. Also t= 3/x—1, so (24+ 2x)(3-1) - 5 or 
2x! 4 x 6 — 0. The positive solution is x ^ v,,g — 1.5 km/h. 
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b) v,,,, = 2 km/h + vyg — 3.5knyh. 


iw 


4.1: a) For the magnitude of the sum to be the sum of the magnitudes, the forces must 
be parallel, and the angle between them is zero. b) The forces form the sides of a right 
isosceles triangle, and the angle between them is 90°. Alternatively, the law of cosines 
may be used as 


F'.rpi- (Jory —2F* cos 8, 
from which cos@ = 0 , and the forces are perpendicular. c) For the sum to have 0 
magnitude, the forces must be antiparallel, and the angle between them is 180°. 


4.23: In the new coordinates, the 120-N force acts at an angle of 53? from the — x -axis, 
or 233? from the + x-axis, and the 50-N force acts at an angle of 323? from the +x- 
axis. 


a) The components of the net force are 
R, = (120 N)cos 233? + (50 N)cos 323° = 32 N 
R, = (250 N)+ (120 N)sin 233°+ (50 N)sin 323? = 124 N. 


b) R- JR? +R? =128N, arctan(4#)=104°. The results have the same magnitude, 


and the angle has been changed by the amount (37°) that the coordinates have been 
rotated. 


4.3: The horizontal component of the force is (10 N)cos 45? = 7.1 N to the right and the 
vertical component is (10 N)sin 45? — 7.1N down. 


4.4: a) F, = Fcos 8, where 8 is the angle that the rope makes with the ramp (0 = 30? in 
this problem), so F - |F |= Z5 = = 69.3 N. 
b) F, = Fsin6 = F, tan ô = 34.6N. 


4.5: Of the many ways to do this problem, two are presented here. 
Geometric: From the law of cosines, the magnitude of the resultant is 


R = 4J (270 NÝ + (300 N)' + 2(270N)(300 N)cos 60° = 494 N. 


The angle between the resultant and dog 4’s rope (the angle opposite the side 
corresponding to the 250-N force in a vector diagram) is then 


1 Oo 
seats. | REAPER nom 
(494 N) 


Components: Taking the +x -direction to be along dog 4’s rope, the components of the 
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R, = (270 N)+(300N)cos 60° = 420 N 
R, = (300 N)sin 60° = 259.8 N, 


so R =4(420 NP + (259.8 N} =494N, 8 =arctan (288)— 31.79. 


4.6: a) F, + F,, = (9.00 N)cos 120° + (6.00 N)cos (-126.9°) = -8.10 N 
F,, + E, = (9.00 N)sin 120° + (6.00 N)sin (-126.99) = +3.00 N. 


b) R=JR+R = „(8.10 NÝ + (3.00 N 28.64 N. 
4.7: a= F/ m— (132 N)/(60 kg) — 2.2 m/s’ (to two places). 


4.8: F = ma = (135 kgY(1.40 m/s") - 189 N. 


49: m= F/ a = (48.0 Ny (3.00 m/s?) = 16.00 kg. 


4.10: a) The acceleration is a = 2 = 20199 = 0.88 m/s’. The mass is then 


i (5.00 3! 
dgio DN. — — 
m-l- sus ~ 0.9kg. 


b) The speed at the end of the first 5.00 seconds is at = 4.4 m/s, and the block on the 


frictionless surface will continue to move at this speed, so it will move another 
vt — 22.0m in the next 5.00 s. 


4.11: a) During the first 2.00 s, the acceleration of the puck is F /m — 1.563 m/s? 
(keeping an extra figure). At £= 2.005, the speed is a£ = 3.13m/s and the position is 
at’ |2.— vt} 2 = 3.13m. b) The acceleration during this period is also 1.563 m/s’ , and the 


speed at 7.00 s is 3.13 m/s + (1.563 m/s^)(2.00 s) = 6.26 m/s. The position at t= 5.00s is 
x= 3.13m-+ (3.13 m/s)(5.00s — 2.005) 2 125 m , and at t= 7.00s is 


12.5 m + (3.13 m/s)(2.00 s) + (1/2)(1.563 m/s^)(2.00s)* = 21.89 m, 
or 21.9 m to three places. 


4.12: a) a, = F /m -140N/32.5kg = 4.31 m/s’. 
b) With v,, = 0,x -1at^ 2 215m. 
c) With v, =0,v, = at = 2x/ t = 43.0 m/s. 
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413:3) EF - 0 
b), c), d) 
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4.14: a) With v,, — 0, 
the average speed. 
c) F = ma = (9.11x 10 kg)(2.50x 10'* m/s?) = 2.28 x10 N. 
4.15: F = ma = w(a/ g) = (2400 NY(12 m/s’)(9.80 m/s’) = 2.94 x10? N. 


a (Jose ns?) = 22.0 nys?. 
wig 71.2 


4.16: a= E 
m 


4.17: a)m = w/ g = (44.0 N)/(9.80 m/s’) = 4.49 ke b) The mass is the same, 4.49 ke, and 
the weight is (4.49 ke (1.81 m/s’) 2 8.13 N. 


4.18: a) From Eq. (4.9), m = w/ g = (3.20 N)/(9.80 m/s”) = 0.327 kg. 
b) w= mg = (14.0 kg)(9.80 m/s?) 2137 N. 


4.19: F = ma = (55 keY15 m/s?) - 825 N. The net forward force on the sprinter is 
exerted by the blocks. (The sprinter exerts a backward force on the blocks.) 


4.20: a) the earth (gravity) b) 4 N, the book c) no d) 4 N, the earth, the book, up e) 4 N, 
the hand, the book, down f) second g) third h) no i) no j) yes k) yes 1) one (gravity) m) no 


4.21: a) When air resistance is not neglected, the net force on the bottle is the weight of 
the bottle plus the force of air resistance. b) The bottle exerts an upward force on the 
earth, and a downward force on the air. 


4.22: The reaction to the upward normal force on the passenger is the downward normal 
force, also of magnitude 620 N, that the passenger exerts on the floor. The reaction to the 
passenger's weight is the eravitational force that the passenger exerts on the earth, 
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upward and also of magnitude 650 N. ps = SR NOON = 0452 m/s? The passenger's 


650 NJ9.80 mis? 


acceleration is 0.452 m/s? , downward. 


2 
423:4,- = 8 AON apao Ea., 
= m,  (6.0x10"kg) 
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4.24: (a) Each crate can be considered a single particle: 


tn 

Fp (the force on m, due to m, ) and F,, (the force on m, due to m, ) forman 
action-reaction pair. 

(b) Since there is no horizontal force opposing F, any value of F, no matter how 
small, will cause the crates to accelerate to the right. The weight of the two crates acts at 
aright angle to the horizontal, and is in any case balanced by the upward force of the 
surface on them. 


4.25: The ball must accelerate eastward with the same acceleration as the train. There 
must be an eastward component of the tension to provide this acceleration, so the ball 
hangs at an angle relative to the vertical. The net force on the ball is not zero. 


4.26: The box can be considered a sinele particle. 


For the truck: 
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n isun ob bux weight 
ard emek weights 


x 
att Firad 
" 

* fieacrion fore ter 
£rnllirg friction ives’ backward push: 
ol ruad un Lines 

Y 


uos 


The box’s friction force on the truck bed and the truck bed's friction force on the box 
form an action reaction pair. There would also be some amall air resistance force action 


to the left, presumably negligible at this speed. 


4.27: a) 


b) For the chair, a, — 0 so X F, — ma, gives 
n—mg- Fsin37?—0 
n -142N 


4.28: a) 


amm 
werner! s 
IPC | 


gravity zig 
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b) 
T — mgsin8 
= (65.0kg)(9.80 m/s?)sin 26.0? = 279N 


4.29: tricycle and Frank 


T is the force exerted by the rope and f, is the force the ground exerts on the tricycle. 
spot and the wagon 


T" is the force exerted by the rope. T and T' form a third-law action-reaction pair, 
Te 


350 m/s 


b) F = ma = (1.80x 107 kg)-C9 2/9. —848 N. (Using a — v; /2x gives the same 


(24341075 3) 


4.30: a) The stopping time is 4- = qy = 35192) — 743x107 s. 


result.) 


4.31: Take the +x -direction to be along Ë and the + y -direction to be along R. Then 
FE, ——1300N and F, =1300N,s0 F, 21838 N, at an angle of 135° from È. 


4.32: Get g on X: 
in 
y JË 
1 2 
10.00 = $5028) 


g-413m/s' 
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wy = mg, —(0.100kegY4.03m/s^) — 0.41N 


4.33: a) The resultant must have no y-component, and so the child must push with a force 
with y-component (140 N)sin 30? — (100 N)sin 60? = —16.6 N. For the child to exert the 
smallest possible force, that force will have no x-component, so the smallest possible 
force has magnitude 16.6 N and is at an angle of 270?, or 90? clockwise from the 

4- x -direction. 


bjm = 2A = 10 west Nose? _ 95 6 ke w= mg — (85.6kpY9.80 m/s?) 840N.. 


Da UFim) oF 2(8.0x10* N) D 
so the ship would hit the reef. The speed when the tanker hits the reef is also found from 


4 
v= M - Qm) = a-sms) J n = 0.17 mis, 
Ox g 


so the oil should be safe. 


4.35: a) Motion after he leaves the floor: D =v, + 2a (y — yo). 
v, = 0 at the maximum height, y— y; = 1.2 m, a, = —9.80 m/s’, so 


Va, = 4.85m/s. 
b) a,, = Av/ At = (4.85m/s)/(0.300s) = 16.2 m/s’. 
c) 
RR. z y= ma, 
E, =w+ma,, - 890 N + (890 N/9.80m/s^)(16.2 m/s’) 
E, =2.36x10°N 
4.36: 


A (12.5 m/ s)? 


F =ma=m~-= (850kg) 237x105 N. 
2x 20.8x107 m) 
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4.37: a) 


F a = F- mg (upward) 


b) When the upward force has its maximum magnitude £,. (the breaking strength), 
the net upward force will be F -mg and the upward acceleration will be 
Ea mg Fu _ 75.0N 


g —9.80 m/s? = 5.83 m/s’. 
m m 4.80 ke 


4.38: a) w = mg = 539N 
b) 


Downward velocity is decreasing so @ is upward and the net force should be upward. 
F > mg , 80 the net force is upward. 


c) Taking the upward direction as positive, the acceleration is 


s= BAS —9.80 m/s? 21.47 m/s’. 
55.0 ke 


4.39: a) Both crates moves together, so a= 2.50 m/s? 


b) 
T = ma = (4.00kg)(2.50m/s^)— 10.0N 
c) 
tse F >T and the net force is to the right, in the direction of à. 
d) F-T=m,a 
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F =T+m,a=10.0N+(6.00kg)(2.50m/s*) = 25.0 N 


4.40: a) The force the astronaut exerts on the rope and the force that the rope exerts on 
the astronaut are an action-reaction pair, so the rope exerts a force of 80.0 N on the 


astronaut. b) The cable is under tension. c) a = £ = 727 = 0.762 m/s’. d) There is no 


net force on the massless rope, so the force that the shuttle exerts on the rope must be 


80.0 N (this is zot an action-reaction pair). Thus, the force that the rope exerts on the 
800 N 


shuttle must be 80.0 N. e) a = £ = == —8.84x10 * m/s’. 


m goso kg — 
4.41: a) x (0.0253) — (9.0x 10^ m/s^)(0.025 s)" — (8.0x10* m/s^y(0.025s)' = 44m. 
b) Differentiating, the velocity as a function of time is 
v(t) = (1.80x10* m/s?)r— (2.40x10? m/s*yr?, so 
(0.02 5s) = (1.80x10* m /s?)(0.025 s) — (2.40 x 10? m/s? )(0.025 s)? 
= 3.0x10° m/s. 


c) The acceleration as a function of time is 
a(t) 2 1.80x10* m/s’ — (4.80x10^ m/s^)t, 


so (i) at = 0, a —1.8x10* m/s’, and (ii) a(0.025s) = 6.010" m/s’, and the forces are 
(i) ma = 2.7 x10* Nand (ii) ma = 9.0x 10^ N. 


4.42: a) The velocity of the spacecraft is downward. When it is slowing down, the 
acceleration is upward. When it is speeding up, the acceleration is downward. 


b) 


4* speeding up: w> F and the net force is downward 
slowing down: w « F and the net force is upward 
c) Denote the y-component of the acceleration when the thrust is # by a, and the y- 
component of the acceleration when the thrust is F, by a,. The forces and accelerations 
are then related by 
Fi-w=ma, E-w-ma, 

Dividing the first of these by the second to eliminate the mass gives 

K-w a 


E-w a 
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and solving for the weight w gives 
y= aF, — a;F, 
a — ay 
In this form, it does not matter which thrust and acceleration are denoted by 1 and which 


by 2, and the acceleration due to gravity at the surface of Mercury need not be found. 
Substituting the given numbers, with +y upward, gives 


- (1.20 m/s? 10.0» 10* N)— (—0.80 m/s^Y25.0x 10? N) 


3 
7 ^ =16.0x10° N. 
1.20 m/s* — (-0.80m/s^) 


In the above, note that the upward direction is taken to be positive, so that a, is negative. 
Also note that although a, is known to two places, the sums in both numerator and 
denominator are known to three places. 


4.43: 


a) The engine is pulling four cars, and so the force that the engine exerts on the first car 
is 4m| a | . b), c), d): Similarly, the forces the cars exert on the car behind are 


3m|a 


; 2m| a| and — m| a| . €) The direction of the acceleration, and hence the direction of 
the forces, would change but the magnitudes would not; the answers are the same. 


4.44: a) If the gymnast climbs at a constant rate, there is no net force on the gymnast, so 
the tension must equal the weight; 7 = mg. 
b) No motion is no acceleration, so the tension is again the gymnast's weight. 
c)7-w-T -mg-ma- m| a| (the acceleration is upward, the same direction as the 


tension), so T = m(g +|a). 
d)7—-w-T-mg-ma- -m| a| (the acceleration is downward, the same opposite as 


the tension), so T = m(g —|al). 


4.45: a) 


The maximum acceleration would occur when the tension in the cables is a maximum, 
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 T-mg T 28000N 


g —9.80 m/s^ —2.93m/s*. 
m m m 2200 ke 


28,000N 
2200 kg 


b) ~1.62 m/s? =11.1m/s’. 


4.46: a) His speed as he touches the ground is 


v= J2gh = [2(9.80m/s?\3.10m) = 7.80 m/s. 


b) The acceleration while the knees are bending is 
2 2 
Og SC om 
2y 2(0.60m) 


c) 


^ 


The net force that the feet exert on the ground is the force that the ground exerts on the 
feet (an action-reaction pair). This force is related to the weight and acceleration by 


F—w-F-mg-ma, soF =m(a+ g)= (75.0kg)(50.6 m/s’ + 9.80 m/s^) - 4532 N. As 
a fraction of his weight, this force is = = (e41)= 6.16 (keeping an extra fipure in the 


intermediate calculation of a). Note that this result is the same algebraically as (299 +1). 


0.60 m 
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4.47: a) 


b) The acceleration of the hammer head will be the same as the nail, 
a=v, /2x = (3.2 m/s)! / 2(0.45cm) — 1.138 x 10? m/s’. The mass of the hammer head is 


its weight divided by g, 4.9 N/9.80 m/s^ = 0.50 kg, and so the net force on the hammer 
head is (0.50 kg)(1.138x 10* m/s?) — 570 N. This is the sum of the forces on the hammer 
head; the upward force that the nail exerts, the downward weight and the downward 15-N 
force. The force that the nail exerts is then 590 N, and this must be the magnitude of the 
force that the hammer head exerts on the nail. c) The distance the nail moves is .12 m, so 
the acceleration will be 4267 m/s* , and the net force on the hammer head will be 2133 
N. The magnitude of the force that the nail exerts on the hammer head, and hence the 
magnitude of the force that the hammer head exerts on the nail, is 2153 N, or about 2200 
N. 


4.48: 


a) The net force on a point of the cable at the top is zero; the tension in the cable must 
be equal to the weight w. 

b) The net force on the cable must be zero; the difference between the tensions at the 
top and bottom must be equal to the weight w, and with the result of part (a), there is no 
tension at the bottom. 

c) The net force on the bottom half of the cable must be zero, and so the tension in the 
cable at the middle must be half the weight, w/ 2. Equivalently, the net force on the 
upper half of the cable must be zero. From part (a) the tension at the top is w, the weight 
of the top half is w/2 and so the tension in the cable at the middle must be 
w—w/2-w/2. 

d) A graph of 7' vs. distance will be a negatively sloped line. 
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4.49: a) 


| 6.00 ka 500 x8 


wl. 55 isi 


b) The net force on the system is 200 N — (15.00 kg)(9.80m/s*) = 53.0N (keeping 
three figures), and so the acceleration is (53.0 N)/(15.0kg) = 3.53 m/s^ ,up. c) The net 
force on the 6-kg block is (6.00 ke)(3.53 m/s^) - 21.2 N, so the tension is found from 
F-T—mg=21.2N, or T = (200N) — (6.00 kg)(9.80 m/s*)— 21.2N=120N. 
Equivalently, the tension at the top of the rope causes the upward acceleration of the rope 
and the bottom block, so T — (9.00 ke)g = (9.00 ke)a , which also gives T —120 N. d) 
The same analysis of part (c) is applicable, but using 6.00 ke -- 2.00 ke instead of the 
mass of the top block, or 7.00 kg instead of the mass of the bottom block. Either way 
gives T= 93.3N. 


4.50: a) 


b) The athletes weight is mg = (90.0 kg)(9.80 m/s^) - 882 N . The acceleration of the 
barbell is found from v,, = 0.60m/1.6s = 0.375 m/s. Its final velocity is thus 
(2)(0.375 m/s) = 0.750 m/s , and its acceleration is 


a=—2 = —— = 0.469 m/s” 
i 1.65 


The force needed to lift the barbell is given by: 
Fa Fg — Ware = ma 
The barbell’s mass is (490 N)/(9.80 m/s?) = 50.0ke , so 
Fig = Ware + ma = 490 N-(50.0kg)(0.169 m/ s?) 
=490N+ 23N=513N 
The athlete is not accelerating, so: 
Es e 
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— Fig — Way, = 9 


Force = Fia + Waer = 513N4882N = 1395 N 
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4.51: a) 


L is the lift force 


b) LF, = ma, 

Mg —-—L=M(g/3) 

L-2Mg!3 

c) L— mg = m(g/2), where m is the mass remaining. 


L-2Mg/3,s0 m— AM /9. Mass 5M /9 must be dropped overboard. 


4.52: a) m — mass of one link 


Tuan ins Mille ial, Hotii Fink 


The downward forces of magnitude 2ma and ma for the top and middle links are the 
reaction forces to the upward force needed to accelerate the links below. 

b) (i) The weight of each link is mg = (0.300 ke (9.80 m/s?) = 2.94 N. Using the free- 
body diagram for the whole chain: 
 12N-3(2.94N) 3.18N — 


qum 3 53s" or 3.5 m/s* 
3m 0.900 kg 0.900 kg 


(ii) The second link also accelerates at 3.53 m/s? , so: 


Fy =f. —ma— img = ma 
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F,, = 2ma+ Img = 2(0.300 kg)(3.53m/s*) + 2(2.94 N) 
=2.12N+588N=8.0N 


4.53: Differentiating twice, the acceleration of the helicopter as a function of time is 
d = (0.120 m/s? yf — (0.12 m/s’ )k, 
and at ¢=5.0s, the acceleration is 
d = (0.60 m/s? yi — (0.12 m/s? )k. 
The force is then 


wa. (2.75%10° N) 
g — (9.80m/s?) 


= (1.7x10* N}Î- (3.4x10° N)&. 


N (0.60 m/s") — (0.12 m/s^y&] 


4.54: The velocity as a function of time is v(£) - 4 —3B?^ and the acceleration as a 
function of time is a(7) — —6Bt£, and so the Force as a function of time is 
F(t)= ma(t)- —6mBt. 


4.55: 
ly 1 ^ k? a 
P= | @ dt =—| ti + — #47 |. 
@=—[ "E i j) 


4.56: a) The equation of motion, — Cv^ = m® cannot be integrated with respect to time, 
as the unknown function v(t) is part of the integrand. The equation must be separated 
before integration; that is, 


-S as a 
m y 
T. T 
m v vy 


where v, is the constant of integration that gives v — v, at t= 0. Note that this form 
shows that if v, = 0, there is no motion. This expression may be rewritten as 


dé ay 
v= =| | 


di iw m 
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which may be integrated to obtain 


m Cty, 
Ecc ol ry 


To obtain x as a function of v, the time ¢ must be eliminated in favor of v; from the 
expression obtained after the first integration, == =~» —1, so 


b) By the chain rule, 


4.57: In this situation, the x-component of force depends explicitly on the y-component of 
position. As the y-component of force is given as an explicit function of time, v, and y 


can be found as functions of time. Specifically, a, =(k,/m)t,so0 v, = (k,/ 2m)t^ and 
y= (k, / 6m)? , where the initial conditions vy, = 0, y; = 0 have been used. Then, the 


expressions for a,,v, and x are obtained as functions of time: 


In vector form, 


gx. pia I gi | Bigs } 
2m 120m 6m 


LE ER oe Rel 
24m* 2m 
WWW. 


Teeba i 


5.1: a) The tension in the rope must be equal to each suspended weight, 25.0 N. b) If the 
mass of the light pulley may be neglected, the net force on the pulley is the vector sum of 
the tension in the chain and the tensions in the two parts of the rope; for the pulley to be 
in equilibrium, the tension in the chain is twice the tension in the rope, or 50.0 N. 


5.2: In all cases, each string is supporting a weight w against gravity, and the tension in 
each string is w. Two forces act on each mass: w down andT (= w) up. 


5.3: a) The two sides of the rope each exert a force with vertical component T sin @ , and 
the sum of these components is the hero's weight. Solving for the tension 7, 
2 
MM oe (90.0 kg) (9.80 m/s ) osa x10 NL 
2sin 0 2 sin 10.0? 


b) When the tension is at its maximum value, solving the above equation for the angle 


0 gives 
o= arcsin 2 |= arcsin] P0080 m/s". 1 940 
2T 2(2.50x10* N) 


5.4: The vertical component of the force due to the tension in each wire must be half of 
the weight, and this in turn is the tension napid by the cosine of the angle each wire 


makes with the vertical, so if the weight is w,* = + cos @ and 9 = arccos2 = 48°, 


5.5: With the positive y-direction up and the positive x-direction to the right, the free- 
body diagram of Fig. 5.4(b) will have the forces labeled » and T resolved into x- and y- 
components, and setting the net force equal to zero, 

F, =T cosa -nsing = 0 

F, 2 ncosa « T'sina — w- 0. 


Solving the first for n = T cot a and substituting into the second gives 


cos! 


T 


= = W 


sing sing sing 


2 NES 
: cos‘a singa JA 
- -Tsine-7|-—————4——— 
sin a 


and so n = T cota = wsin a cota = wcosa, as in Example 5.4. 
5.6: wsin a = mg sin a = (1390 kg) (9.80 m/s^)sin17.5?— 4.10x10° N. 


5.7: a) T, cos 8 — TW, or T, = W fcos 8 = (9913632) — 5 53,105 N. 


b) 7, - 7, sin = (5.23x10* N) sin 40* —2,36x10* N. 
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5.8: a) T. = w,T, sin 30? + 7, sin 45? = 7, = w, and 7, cos30? — 7, cos 45? = 0. Since 
sin45? — cos45?, adding the last two equations gives 7,(cos30? -- sin 30?) — w, and so 
T, = = 0.732w. Then, 7, = T, = = 0.897w. 

b) Similar to part (a), 7. = w,— T, cos 60° + 7, sin45? — w, and 
T,sin 60?— 7,c0s45? = 0. Again adding the last two, 7, = c5 = 2.73w, and 


T, = T, 2 = 3.35w, 


co. 


5.9: The resistive force is wsinc. = (1600 kg)(9.80 m/s^Y(200 m/6000 m) = 523 N.. 


5.10: The magnitude of the force must be equal to the component of the weight along the 
incline, or W sin @ = (180 kg)(9.80 m/s" )sin11.0? = 337 N. 


5.11: a) W — 60N,TsinG =W, sof — (60 N)/sin45?, or T=85 N. 
b) F = F, - T cos&,F, = F, - 85 Neos 45? = 60 N. 


5.12: Ifthe rope makes an angle 8 with the vertical, then sin 8 = 249 = 0.073 (the 


1.51 
denominator is the sum of the length of the rope and the radius of the ball). The weight is 
then the tension times the cosine of this angle, or 
EN mg (0.270 kg)(9.S0m/s^) _ 
T cosa cos(arcsin(. 073) - 0.998 
The force of the pole on the ball is the tension times sin , or (0.073)7 = 0.193 N. 


5.13: a) Inthe absence of friction, the force that the rope between the blocks exerts on 
block 5 will be the component of the weight along the direction of the incline, 

T = wsina . b) The tension in the upper rope will be the sum of the tension in the lower 
rope and the component of block 4's weight along the incline, 

w sina + w sina = 2w sin a. c) In each case, the normal force is wcos a. d) When 
a=O,n=w, when a= 90°, n =0. 


5.14: a) In level flight, the thrust and drag are horizontal, and the lift and weight are 
vertical. At constant speed, the net force is zero, and so F = fand w= L. b) When the 


plane attains the new constant speed, it is again in equilibrium and so the new values of 
the thrust and drag, F and f’,are related by F’ = f'; if F'=2F, f'—2f. c) In order to 
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increase the magnitude of the drag force by a factor of 2, the speed must increase by a 
factor of y2. 


5.15: a) 


i A1 


/ 
ss fr " 
IS. kg /284 kg 


/ * 
[. | Niay 


The tension is related to the masses and accelerations by 
T-mg=ma 
T-mg-ma,. 
b) For the bricks accelerating upward, let 2, =—a@, =a (the counterweight will 
accelerate down). Then, subtracting the two equations to eliminate the tension gives 
(m, —m,)g = (m, +m, )a, or 
gg 775.9 ggg, * | SOKO |. pg f. 
m, +m, 28.0 kg +15.0kg 


c) The result of part (b) may be substituted into either of the above expressions to find 
the tension 7 = 191 N. As an alternative, the expressions may be manipulated to 
eliminate a algebraically by multiplying the first by m, and the second by m and adding 
(with a, — —a,) to give 


T(m +m,)—2mm,g=0, or 


If, as in this case, m, > mj, 2m, >m - m,and 2m, « m, 4 m,, so the tension is greater 
than w and less than w;; this must be the case, since the load of bricks rises and the 
counterweight drops. 


5.16: Use Second Law and kinematics: a = g sin 9, 2ax = v’, solve for 8. 
gsind =v /2x, or 
8 = arcsin(/ /2 gx )- arcsin[(2.5 m/s)" /[(2)(9.8 m/s?(1.5 m)]], 2 =12.3°. 


5.17: a) 
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" 
3400 kg » 


b) In the absence of friction, the net force on the 4.00-ke block is the tension, and so 
the acceleration will be (10.0 N)/(4.00 kg) — 2.50 m/s^. c) The net upward force on the 
suspended block is T — mg = ma, or m — T/(g-- a). The block is accelerating downward, 
so a — —2.50 m/s", and so m= (10.0 N)/(9.80 m/s’ —2.50 m/s^) - 1.37 kg. 

d) T = ma+ mg, so T < mg, because a « 0. 
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5.18: The maximum net force on the glider combination is 
12,000 N-2x2500 N = 7000 N, 


1 ; 1 E . 2 
so the maximum acceleration is 2,,, = foie = 5.0m/s?. 


a) In terms of the runway lensth Z and takoff speed v,a = = € Gao 90 
2 2 
v 2 G0m/s — im. 


2a. — 2(5.0m/s?) | 


b) If the gliders are accelerating at 2,..., from 
T-FE, -malT-macE,,- = (700 kgX5.0 m/s?) + 2500 N = 6000 N. Note that this is 


drag drag 
exactly half of the maximum tension in the towrope between the plane and the first 
glider. 


5.19: Denote the scale reading as F, and take positive directions to be upward. Then, 
aca 
F-w=ma=—a, or a=g|—-i | 
YA w 
a) a= (9.80 m/s*)((450 N)/(550N) —1) =—1.78 m/s* , down. 


b) a = (9.80 m/s? (670 N)/(550 N) - 1) 2 2.14 m/s’, up. c) If F 20,2 ——g and the 
student, scale, and elevator are in free fall. The student should worry. 


8.20: Similar to Exercise 5.16, the angle is arcsin( e but here the time is found in 
terms of velocity along the table, t= zx being the length of the table and v, the 


velocity component a the table. Then, 


"— 


2(2.50x 10 ?^m)(3.80 m/s)? 


= arcsin =1.38°. 
| (9.80 m/s’ 1.75 my | 


5.21: 
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(di ich 
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5.22: 


ù : ] n 
40M) 40 (END 100 0 20 D AU NU TOD à 2 4d» an KU 1D 
1 a 8 


5.23: a) For the net force to be zero, the applied force is 
F= f = p,n = mg = (0.20) (11.2 kg) (9.80 m/s?) = 22.0 N. 
b) The acceleration is 44, g,and 2ax =v’, so x ^ v//24,g, or x= 3.13 m. 


5.24: a) Ifthere is no applied horizontal force, no friction force is needed to keep the 
box in equilibrium. b) The maximum static friction force is, from Eq. (5.6), 

BR gw = (0.40) (40.0 N)=16.0 N, so the box will not move and the friction force 
balances the applied force of 6.0 N. c) The maximum friction force found in part (b), 
16.0 N. d) From Eq. (5.5), 44,7 =(0.20)(40.0N)=8.0N e)The applied force is enough 
to either start the box moving or to keep it moving. The answer to part (d), from 

Eq. (5.5), is independent of speed (as long as the box is moving), so the friction force is 
8.0 N. The acceleration is (F — f,)/m — 2.45 m/s’. 


5.25: a) At constant speed, the net force is zero, and the magnitude of the applied force 
must equal the magnitude of the kinetic friction force, 


| F | = f, = p,n = umg -(0.12)(6.00 kg) (9.80 m/s?) - 7 N. 
b) IF |- f — ma, so 
| È | e ma fie ma = img =m(a + 44g) 
= (6.00 kg (0.180 m/s? + (0.12)9.80 m/s?) - 8. N. 
c) Replacing g = 9.80 m/s? with 1.62 m/s? gives i PN and $2. MC 


5.26: The coefficient of kinetic friction is the ratio + ,and the normal force has 
magnitude 85 N -25N —110 N. The friction force, dies F,—f,-ma-wz is 


2 
uper 28 N 


g 9.80 m/s? 


(note that the acceleration is negative), and so 4, — Dr = 0.25. 
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5.27: As in Example 5.17, the friction force is 44,7 — 4, wcosa@ and the component of the 
weight down the skids is wsin œ. In this case, the angle œ is arcsin(2.00/20.0) = 5.79. 


The ratio of the forces is "277 = “* = 225 >], so the friction force holds the safe back, 


and another force is ined | to move the safe down the skids. 
b) The difference between the downward component of gravity and the kinetic 
friction force is 


w (sin a — u, cos a) = (260 kg) (9.80 m/s’) (sin 5.7? — (0.25) cos 5.7?) = —381 N. 


5.28: a) The stopping distance is 
y y (28.7 m/s) 
Wu 2u,g  2(0.80)(9.80 m/s?) 


b) The stopping distance is inversely proportional to the coefficient of friction and 
proportional to the square of the speed, so to stop in the same distance the initial speed 


should not exceed 
v [Pm — (98.7 m/s) 9:25 16 m/s. 
Hay 0.80 


5.29: Fora given initial speed, the distance traveled is inversely proportional to the 
coefficient of kinetic friction. From Table 5.1, the ratio of the distances is then m —]1l. 


5.30: (a)If the block descends at constant speed, the tension in the connecting string 
must be equal to the hanging block's weight, w.. Therefore, the friction force 44, w, on 


block 4 must be equal to w,, and w, = 4, w,. 
(b) With the cat on board, a= g(w, — u, 2w,)/(w, + 2w,). 


531: 


a) For the blocks to have no acceleration, each is subject to zero net force. Considering 
the horizontal components, 
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T= f, 
|E |= fa+ fo- 
Using fı = 44gm, and f; = gm, gives |F |= u, g0n4 + ms). 
b) T= fa = H gme 


F|- T faor 
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5.32: 
2a XY fete 34 
Es — BR ~ x ddp 
where 7, is the distance covered before the wheels speed is reduced to half its original 


speed. Low pressure, 5 —18.1m; iEn — 0.0259. High pressure, 


= a3 CDa _ 


5.33: Without the dolly: n = mg and F — t,” = 0 (a, =0 since speed is constant). 
m=— = —_—_—__ = 34.74 ke 
ug — (0.47) (9.80 m/s?) 
With the dolly: the total mass is 34.7 kg + 5.3kg = 40.04 ks aud friction uow is rolling 
friction, f, = 4 mg. 
F-tumg=ma 


ua PE La ead 
m 


5.34: Since the speed is constant and we are neglecting air resistance, we can ignore the 
2.4 m/s, and F „in the horizontal direction must be zero. Therefore f, = 4,5 = 
= FL, = 200 N before the weight and pressure changes are made. After the changes, 
(0.81) (1.427) = F m; because the speed is still constant and F — 0. We can simply 
divide the two equations: 

(0.814,)0.422) — x, 


200N. 
BH 


(0.81) (1.42) (200 N)= Fn = 230N 


5.35: First, determine the acceleration from the freebody diagrams. 


À Ha ; Me 


* 
X 1 


Yury wg 


There are two equations and two unknowns, a and 7: 
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— a,m,g +T —m,a 
m,g—-T=m,a 
Add and solve for a: a= g(m, —u,m,)/ (m, + m, a = 0.79 m/s’. 
(a) v= (2ax) =0.22 m/s. 
(b) Solving either equation for the tension gives 7 —11.7 N. 


5.36: a) The normal force will be wcos and the component of the gravitational force 
alone the ramp is wsin 8 . The box begins to slip when wsin 8  44wcos8, or 


tan 8 > u, = 0.35, so slipping occurs at 9 = arctan(0.35) — 19.3? , or 19? to two figures. 


b) When moving, the friction force along the ramp is 44,wcos8 , the component of the 
gravitational force along the ramp is wsin 9 , so the acceleration is 
(wsin @)— wz, cos8)/ m = g(sind — 4, cos@) = 0.92 m/s’. 
(c) 2ax=v',s0 v= (2ax)^ , or v= [(2)(0.92 m/s*)(5 m]? = 3 m. 


5.37: a) The magnitude of the normal force is mg «| F |sin 8. The horizontal component 
of F.| F |cos# must balance the frictional force, so 
| F cos = u,(mg + | F |sin&); 
solving for | F | gives 
| F | A AMZ 
COSÓ — p, sind 
b) If the crate remains at rest, the above expression, with 7 instead of 4, , gives the 


force that must be applied in order to start the crate moving. If cot? < 44, the needed 
force is infinite, and so the critical value is 44, = cot. 


5.38: a) There is no net force in the vertical direction, so n+ F'sin 0— w= 0, or 
n=w—Fsin@ — mg — Fsin8. The friction force is f, = 44" = 4, (mg — Fsin&). The net 
horizontal force is Fcos8 — f, = Fcos8 — u, (mg — F sin 8), and so at constant speed, 


HUE 
cosé+ 4, sin 
b) Using the given values, 
2 
p — (0.35190 kg)(9.80m/s _ N, 
(cos25° + (0.35)sin 25?) 
or 290 N to two figures. 
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5.39: a) 
H^ T, 


Ti f 


b) The blocks move with constant speed, so there is no net force on block 4; the 
tension in the rope connecting 4 and B must be equal to the frictional force on block 4, 
u, = (035) (25.0N) 2 9 N. c) The weight of block C will be the tension in the rope 
connecting B and C; this is found by considering the forces on block B. The components 
of force alons the ramp are the tension in the first rope (9 N, from part (a)), the 
component of the weight along the ramp, the friction on block 8 and the tension in the 
second rope. Thus, the weight of block C is 

wo —9N- w,(sin36.9? + z, c0836.9?) 


= 9 N + (25.0 N)(sin 36.9° + (0.35)cos 36.99) = 31.0 N, 


or 31 N to two figures. The intermediate calculation of the first tension may be avoided to 
obtain the answer in terms of the common weight w of blocks 4 and B, 
Wo = w(K, + (sin8 + 4, cos@)), 


Wa 


Wa 


giving the same result. 


(d) Applying Newton's Second Law to the remaining masses (B and C) gives: 
a= g(w, — Iw, cos? —w, sin 8)/(w, + w.)- 1.54 m/s". 


5.40: Differentiating Eq. (5.10) with respect to time gives the acceleration 
any, Ca eget 
m 


where Eq. (5.9), v, 2 mg/k has been used. 
Integrating Eq. (5.10) with respect to time with y, — 0 gives 


t 
y= fan -e Om] 
0 


pb 


=V | = ^ —g Om ) A 


5.41: a) Solving for D in terms of v, 
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b) Na (45 kg)(9.80 m/s?) _ 42 mfè: 
(0.25 kg/m) 
5.42: At half the terminal speed, the magnitude of the frictional force is one-fourth the 
weight. a) If the ball is moving up, the frictional force is down, so the magnitude of the 
net force is (5/4)w and the acceleration is (5/4)g, down. b) While moving down, the 


frictional force is up, and the magnitude of the net force is (3/4)w and the acceleration is 
(3/4)g, down. 


5.43: Setting F „ equal to the maximum tension in Eq. (5.17) and solving for the speed v 


gives 
^ [EaR x, APOC NAO OEY iafe 
m (0.80 ke) 
or 26 m/s to two figures. 


5.44: This is the same situation as Example 5.23. Solving for z, yields 


2 
M "S S  -—-—- 290. 
Rg (220m)(9.80 m/s?) 


5.45: a) The magnitude of the force F is given to be equal to 3.8. “Level flight” means 
that the net vertical force is zero, so F cos £ = (3.8)wcos f = w,, and 
f = arccos(1/3.8) — 75?. 

(b) The angle does not depend on speed. 


5.46: a) The analysis of Example 5.22 may be used to obtain tan p = (v! /gR), but the 
subsequent algebra expressing R in terms of 7. is not valid. Denoting the length of the 
horizontal arm as r and the length of the cable as /, R =r 4 ?sin £. The relation v — 23€ is 


still valid, so tan £ = Er BELLUM Solving for the period 7, 


gr 


An? m isinB) — |4x^ (3.00 m + (5.00 m)sin 30°) 
T-J——— — — = d————— M — BÀ —- - 6.198. 
g tanf (9.80 m/s’) tan 30° 


Note that in the analysis of Example 5.22, £ is the angle that the support (string or cable) 
makes with the vertical (see Figure 5.30(b)). b) To the extent that the cable can be 
considered massless, the angle will be independent of the rider's weight. The tension in 
the cable will depend on the rider's mass. 
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5.47: This is the same situation as Example 5.22, with the lift force replacing the tension 
in the string. As in that example, the angle £ is related to the speed and the turning 


radius by tan f = X Solving for £, 


p= arctan |= arctan{ (240 km/h (Cnys)/(3.6 k/b)? | _ 59 70 
gR) ^ —— (som/s)om)  ) 


5.48: a) This situation is equivalent to that of o 5.23 and Problem 5.44, so 
H,— E Expressing v in terms of the period T, v= #5, so 445 = = £ A platform speed 


of 40.0 rev/min corresponds to a period of 1.50 s, so 
|. 47°(0.150m) 
#s = (1.505) (9.80 m/s") 
b) For the same coefficient of static friction, the maximum radius is proportional to 


the square of the period (longer periods mean slower speeds, so the button may be moved 
further out) and so is inversely proportional to the square of the speed. Thus, at the higher 


speed, the maximum radius is (0.150 m) (292 * = 0,067m. 


= 0.269. 


60.0 


5.49: a) Setting a, =g in Eq. (5.16) and solving for the period F gives 


A N E ES inns 
g 9.80 m/s 


so the number of revolutions per minute is (60s/min)/(40.13) — 1.5 rev/min. 


b) The lower acceleration corresponds to a longer period, and hence a lower rotation 
rate, by a factor of the square root of the ratio of the accelerations, 


T” = (1.5 rev/ min) x 43.70/9.8 = 0.92 rev/min. . 


5.50: a) 20 R/T = 2n(50.0 m)/(60.0s) — 5.24 m/s. b) The magnitude of the radial force 
is mv! /R 2 mz? R/T? = w(Az? R/gT^) - A9N (to the nearest Newton), so the apparent 
weight at the top is 882 N — 49 N =833N, and at the bottom is 882 N -- 49 N — 931 N. 


c) For apparent weightlessness, the radial acceleration at the top is equal to gin 
magnitude. Using this in Eq. (5.16) and solving for T gives 


pagr |E =op [200m s 
g 9.80 m/s 


d) At the bottom, the apparent weight is twice the weight, or 1760 N. 
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5.51: a) If the pilot feels weightless, he is in free fall, and a = g —v^/R, so 


y-gRg- „(150 my(9.80 m/s?) —38.3 m/s, or 138 km/h. b) The apparent weight is 


the sum of the net inward (upward) force and the pilot's weight, or 


a 
w+ma= "pes 
g 


: — — Oo 
a i $ (8.6 knn/h)/(en/s)¥ 0-80 m/s! I 


= 3581N, 
or 3580 N to three places. 


5.52: a) Solving Eq. (5.14) for R, 
R= via = v'fAg = (95.0 u/s)’ /(4x 9.80 u/s”) = 230 mu. 
b) The apparent weight will be five times the actual weight, 
5 mg = 5 (50.0 kg) (9.80 m/s") = 2450 N 
to three figures. 


§.53: For no water to spill, the magnitude of the downward (radial) acceleration must be 


at least that of gravity; from Eq. (5.14), v» y gR = /(9.80 m/s? (0.600 m) = 2.42 m/s. 


5.54: a) The inward (upward, radial) acceleration will be xu = sa — 4.64 m/ s^. At the 


bottom of the circle, the inward direction is upward. 
b) The forces on the ball are tension and gravity, so T — mg = ma, 


4.64 m/s? 


a 


T; is more vertical so supports more 
of the weight and is larger. 
You can also see this from > F, = ma, : 
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T,cos 40? — 7, cos 60? — 0 


; -(= et = 1.5327, 
cos 60° 
b) 7, is larger so set 7; = 5000 N. Then 7, = 7, /1.532 =3263.5 N, 
EF, =ma, 
T; sin 60°+ 7, sin 40? = w 
w= 6400 N 


5.56: 
T T AT T 
ors H T dio 
/ \ f 
NN a i \ Ng. F; 


Yi 


The tension in the lower chain balances the weight and so is equal to w. The lower 
pulley must haye no net force on it, so twice the tension in the rope must be equal to w, 
and so the tension in the rope is w/2. Then, the downward force on the upper pulley due 


to the rope is also w, and so the upper chain exerts a force w on the upper pulley, and the 
tension in the upper chain is also w. 


5.57: In the absence of friction, the only forces along the ramp are the component of the 
weight along the ramp, wsin æ , and the component of F along the ramp, 


| F [cosa = F cosg . These forces must sum to zero, so F = wtan & . 


Considering horizontal and vertical components, the normal force must have horizontal 
component equal to xsin æ , which must be equal to F; the vertical component must 
balance the weight, »cose = w. Eliminating z gives the same result. 


5.58: The hooks exert forces on the ends of the rope. Àt each hook, the force that the 
hook exerts and. the force due to the tension in the rope are an action-reaction pair. 

The vertical forces that the hooks exert must balance the weight of the rope, so each hook 
exerts an upward vertical force of w/2 on the rope. Therefore, the downward force that 
the rope exerts at each end is F a sin9 = w/2, so T y = w/(2sin@) = Mg/(2sin). 

b) Each half of the rope is itself in equilibrium, so the tension in the middle must balance 
the horizontal force that each hook exerts, which is the same as the horizontal component 
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of the force due to the tension at the end; Fa C038 = Fiddles S0 

Tu, = Mgcos8/(2sin8) = Mg /(2tan 8). 

(c) Mathematically speaking, 9 + 0 because this would cause a division by zero in the 
equation for Fa or F ige- Physically speaking, we would need an infinite tension to 
keep a non-massless rope perfectly straight. 


5.59: Consider a point a distance x from the top of the rope. The forces acting in this 


point are T up and (ar + ep) g downwards. Newton's Second Law becomes 


T - (M +9 )g = (M +" )a. Since a= ewe T= (a 4 JC) At 
x=0,T=F ,andat x= L, T =4“-= M(a- g) as expected. 


Af +n 


5.60: a) The tension in the cord must be m,g in order that the hanging block move at 
constant speed. This tension must overcome friction and the component of the 
gravitational force along the incline, so m,g = (mg sina. + m, gcosa) and 
m, = m (sing + p, cosa). 

b) In this case, the friction force acts in the same direction as the tension on the block 
of mass m,,80 m,g = (m gsina— p,m gcosa), or m, =m, (sina— uj, cosa). 

c) Similar to the analysis of parts (a) and (b), the largest m, could be is 
m, (sina + 4, cos o) and the smallest m, could be is m (sing — 4, cosa). 


5.61: For an angle of 45.0? , the tensions in the horizontal and vertical wires will be the 
same. a) The tension in the vertical wire will be equal to the weight w=12.0 N; this must 
be the tension in the horizontal wire, and hence the friction force on block 4 is also 12.0 

N. b) The maximum frictional force is zw, = (0.25)(60.0 N)=15 N; this will be the 
tension in both the horizontal and vertical parts of the wire, so the maximum weisht is 15 
N. 


5.62: a) The most direct way to do part (a) is to consider the blocks as a unit, with total 
weight 4.80 N. Then the normal force between block B and the lower surface is 4.80 N, 
and the friction force that must be overcome by the force F is 

u,” = (0.30)(4.80 N) 2 1.440 N, or 1.44 N, to three figures. b) The normal force 
between block 8 and the lower surface is still 4.80 N, but since block 4 is moving 
relative to block B, there is a friction force between the blocks, of magnitude 
(0.30)(1.20 N) 20.360 N, so the total friction force that the force F must overcome is 


1.440 N + 0.360 N —1.80 N. (An extra figure was kept in these calculations for clarity.) 
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5.63: (Denote | F | by F.) a) The force normal to the surface is n = F cos ; the vertical 


component of the applied force must be equal to the weight of the brush plus the friction 
force, so that F sind = w + u, F cos , and 


sin 8 — z, cos? ~ sin53.19— (0.51)c05 53.1? 
keeping an extra figure. b) F cos? = (16.91 N)cos 53.1? 210.2 N. 


5.64: a) 
XF-ma-m(62.5g)- 62.5mg 
= (62.5)(210x 1058 (980 cm/s?) 
-]3dynes-1.3x10 ^ N 
This force is 62.5 times the flea’s weight. 
b) 
F ax mayg,-—mü40g)- 140mg 
-29dynes-2.9x10 ^ N 
Occurs at approximately 1.2 ms. 
C) Av-v—w —-v—-Ü0-v- area under a-t graph. Approximate area as shown: 
140g Y 
aiii 


E 1 \ 
| 


i i3) \ 


i 
1,2 ms 1,25 ms 
A= A(1)+ A(2)+ AQ) 


= za .2 ms)(77.5g)+ (1.2 ms)(62.5 g) 


«(005 ms)(140 g) 
=120cm/s - 1.2 m/s 


5.65: a) The instrument has mass m= w/g —1.531kg . Forces on the instrument: 
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"p 
EF, =ma, 


T—mg-ma 


= 13.07 m/s? 


a 


.T-mg 

m 
W, 7 0,v, 2330 m/s,a, 213.07 m/s’,t=? 
Vy 7 vg, + at gives t = 25.3s 


Consider forces on the rocket; rocket has the same a,. Let F be the thrust of the 


rocket engines. 
F—-—mg=ma 


F = m(g + a) = (25,000 kg) (9.80 m/s’ + 13.07 m/s") = 5.72x10°N 
b) Wig Voi + faf gives ¥-V= 4170 m. 


5.66: The elevator's acceleration is: 
a- T. 3.0 m/s? +2(0.20 m/s y = 3.0 m/s? + (0.40 m/s) 
At t= 403,2 = 3.0 m/s^ + (0.40 m/s^ (4.08) = 4.6 m/s^. From Newton’s Second Law, 


the net force on you is 
Fa = Feegg—W= ma 


F „e apparent weight= w+ ma = (72 kg)(9.8 m/s?) - (72 keX(4.6 m/s?) 
—-10368 Nor1040 N 


5.67: Consider the forces on the person: 
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XF,-ma, 
n—mg-ma 
n=1.6mgs0 a = 0.60 g = 5.88 m/s? 
y— y, =3.0m, a, 2 5.88 m/s, w, = 0,v, =? 


v = Voy *2a,(y—- y,)gives v, = 5.0 m/s 


5.68: (a) Choosing upslope as the positive direction: 
F.,——mgsin37?— f, — —mg sin37? — 11, mg cos37° = ma 
and 
a — —(9.8 m/s^)(0.602 + (0.30)(0.799)) = —8.25m/s* 
Since we know the length of the slope, we can use v’ =v, + 2a(x — x,) with x, =0 and 
v=0 atthe top. 
ve =—2ax = —2(-8.25 m/s? y(8.0 m) = 132 m?/s? 


Vy = 4132 m/s? 211.5 m/s or11m/s 


(b) For the trip back down the slope, gravity and the friction force operate in opposite 
directions: 
F a =—mgsin37°+ umgcos 37°=ma 
a= g(-sin 37? + 0.30 cos37°) = (9.8 m/s? ((-0.602) + (0.30)(0.799)) = —3.55 m/s? 
Now 
Vy = 0,x, — —8.0m,x = 0, and 
y! 2 vi + 2a(x —x,)= 0+ 2(-3.55 m/s’ .-8.0 m) 


= 56.8 m/s? 


v= 456.8 m/s? = 7.54 m/s or 7.5 m/s 
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5.69: Forces on the hammer: 


LF, = ma, givesT sin 74? — mg = 0soT'sin 74? = mg 
YF, = ma, gives Tcos74°— ma 


Divide the second equation by the first: 
a 1 


= and a = 2.8 m/s’ 
g tan74? ny 
5.70: 
p 
aN 
GU 
JP. 
2 XN 
D NN T 
f tue Y 


It’s interesting to look at the strine's angle measured from the perpendicular to the top of 
the crate. This angle is of course 90°—angle measured from the top of the crate. The 
free-body diagram for the washer then leads to the following equations, using Newton’s 
Second Law and taking the upslope direction as positive: 
-myg SiN Olope + T SINO rins —m,a 
— m, g COSO ope + T COSO rins = 0 
Tsin Ain = m, (a- g SINA ipe) 
PCOS P ing = My Z COS Ë lope 
Dividing the two equations: 
V» a+gsing,,,. 


sting — 
gcos D... 
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For the crate, the component of the weight along the slope is -mg sin 8 ype and the 
normal force is m,gcos@,,... Using Newton's Second Law again: 
—m,gsin Gy. + HM, g COS O lope = Ma 
a 4 g sin B... 
WES uu 
g COS Ë iope 


which leads to the interesting observation that the string will hang at an angle whose 
tangent is equal to the coefficient of kinetic friction: 
Hy = tan @,,;,. = tan(90? — 68°) = tan 22° = 0.40 


5.71: a) Forces on you: 


LF, = ma, givesn=mg cosa 
LF =ma, 
mgsina— f, =ma 


a= g(sina— p, cosa@)= —3.094 m/s’ 
Find your stopping distance 
v, = 0,2, = —3.094 m/s’, vo, = 20 m/s,x — x, =? 


vi =v, +2a,(x—x,) gives x — x, = 64.6m, which is greater than 40 m. You don't 


stop before you reach the hole, so you fall into it. 
b) a, =—3.094 m/s? , x - x, - 40m,v, =0,v, =? 


vi =v, + 2a, (x ^ x) givesvs, — 16 m/s. 


5.72: The key idea in solving this problem is to recognize that if the system is 

accelerating, the tension that block 4 exerts on the rope is different from the tension that 

block B exerts on the rope. (Otherwise the net force on the rope would be zero, and the 

rope couldn't accelerate.) Also, treat the rope as if it is just another object. Taking the 

"clockwise" direction to be positive, the Second Law equations for the three different 

parts of the system are: 

Block 4 (The only horizontal forces on A are tension to the right, and friction to the left): 
— Am, tT, = mye. 

Block B (The only vertical forces on B are gravity down, and tension up): 

www.FreeLibros.me 


Mag —T,-—mga. 
Rope (The forces on the rope along the direction of its motion are the tensions at either 
end and the weight of the portion of the rope that hangs vertically): 

mkg +T, -T,-m,a. 
'To solve for a and eliminate the tensions, add the left hand sides and right hand sides of 


mating S Mea 
g Ongtms rm.) * 


the three equations: —44,m,g+m,g+ m, (3)e =(m,+m, +m,)a,or a= 
(a) When 4 =0,a = genteel. As the system moves, d will increase, approaching 


Las a limit, and thus the acceleration will approach a maximum value of 
- My HA g 
a—g (n 4a tmn," 


(b) For the blocks to just begin moving, a >0, so solve 0 — [mj + mg (¢)- i,m] for d. 
Note that we must use static friction to find d for when the block will begin to move. 


Solving for d, d = Z-(4m, — m), or d = 15, (25(2 kg) - 4 kg) =.63 m.. 


(c) When m, —.04 kg, d= dx(250 ke) —.4 ke) —- 2.50 m. This is not a physically 


possible situation since d > Z. The blocks won't move, no matter what portion of the 
rope hangs over the edge. 


5.73: For a rope of length Z, and weight w, assume that a length rZ is on the table, so that 
a length (1—r)# is hanging. The tension in the rope at the edge of the table is then 


(1— r)w, and the friction force on the part of the rope on the table is f, = 4,rw. This must 
be the same as the tension in the rope at the edge of the table, so 

A,rw- (0 —r)w and r=1/(1+ 4,). Note that this result is independent of Z and w for a 
uniform rope. The fraction that hangs over the edge is 1— r = z, /(14- z); note that if 

4, = 0 r-landl--r- O0. 


5.74: a) The normal force will be mgcos g+ F sina , and the net force along (up) the 
ramp is 
F cosa — mg sina — 4, (mg cosa F sina) - F(cosa — u, sina )— mg(sina + u, cosa). 
In order to move the box, this net force must be greater than zero. Solving for F, 
Pan Sin ce pepe 
COS &— £i, sina 
Since F is the magnitude of a force, F must be positive, and so the denominator of this 
expression must be positive, or cosa > 44 sin c, and 4, « coto. b) Replacing z, with t 
with in the above expression, and making the inequality an equality, 
Pom sin at Aisle) 
cosa — 4, sing 
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5.75: a) The product zg = 2.94 m/s’ is greater than the magnitude of the acceleration of 
the truck, so static friction can supply sufficient force to keep the case stationary relative 
to the truck; the crate accelerates north at 2.20 m/ s? , due to the friction force of 


ma — 66.0 N. b) In this situation, the static friction force is insufficient to maintain the 
case at rest relative to the truck, and so the friction force is the kinetic friction force, 
AQn- au mg -59N. 


5.76: To answer the question, v, must be found and compared with 20 m/s (72 km/hr). 
The kinematics relationship 2ax = —v? is useful, but we also need a. The acceleration 


must be large enough to cause the box to begin sliding, and so we must use the force of 
static friction in Newton’s Second Law: — umg < ma, or a — —4,g. Then, 


2(-u.g)x =v, or wy = 2ugx = 2(.30)9.8 m/s’ X47 m). Hence, 


vy 716.6 m/s = 60 km/h, which is less than 72 kmh, so do you not go to jail. 


5.77: See Exercise 5.40. a) The maximum tension and the weight are related by 
T, cos f = 4h (w— Tye sin £), 
and solving for the weight w gives 
w- (Ss É. sin í| 
My, 
This will be a maximum when the quantity in parentheses is a maximum. Differentiating 
with respect to f, 


ic +sin 5 )--38£ cos - 0, 


or tan? = 4 , where @ is the value of £ that maximizes the weight. Substituting for 4, 


in terms of @, 
we. 999 0 
sin 8/cos 8 


_p [c058-sin^& 
MS sin @ 
Tw 
sin 


b) In the absence of friction, any non-zero horizontal component of force will be 
enough to accelerate the crate, but slowly. 


5.78: a) Taking components along the direction of the plane's descent, 
f= wsina and £=wceose. b) Dividing one of these relations by the other cancels the 
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weight, so tan œ = f /L. c) The distance will be the initial altitude divided by the tangent 


of a. f= L tan æ and L — wcosa, therefore sin a= f/w= 354 g and so a= 5.78*. 


This makes the horizontal distance (2500 m)/tan(5.78?) = 24.7 km. d) If the drag is 
reduced, the angle @ is reduced, and the plane goes further. 


5.79: If the plane is flying at a constant speed of 36.1m/s, then > F — 0, or 

T — wsina — f = 0. The rate of climb and the speed give the angle 

a, & — arcsin(5/36.1) = 7.96?. Then, 

T —wsina- f. 7—(12,900 N)sin 7.96? --1300 N = 3087 N. Note that in level flight 
(œ = 0), the thrust only needs to overcome the drag force to maintain the constant speed 
of 36.1 m/s. 


5.80: If the block were to remain at rest relative to the truck, the friction force would 
need to cause an acceleration of 2.20 m/ s^: however, the maximum acceleration possible 


due to static friction is (0.19)(9.80 m/s?) =1.86 m/s’, and so the block will move relative 


to the truck; the acceleration of the box would be zg = (0.15)(9.80 m/s^) =1.47 m/s’. 


The difference between the distance the truck moves and the distance the box moves (i.e., 
the distance the box moves relative to the truck) will be 1.80 m after a time 


i. _ 2Ax 0. € —— 
a re (2.20 m/s? — 1.47 m/s?) 


In this time, the truck moves +a? = 1(2.20m/s^) (2.221s)^ = 5.43 m. Note that an 
extra figure was kept in the intermediate calculation to avoid roundoff error. 


5.81: The friction force oz block 4 is 44 w, = (0.30)1.40 N)= 0.420 N, as in Problem 5- 
68. This is the magnitude of the friction force that block A exerts on block B, as well as 
the tension in the string. The force F must then have magnitude 


F = u, (w + wj) uw, T = u, wg -3w,) 
= (0.30)(4.20 N + 3(1.40 N)) = 2.52 N. 


Note that the normal force exerted on block B by the table is the sum of the weights of 
the blocks. 
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5.82: We take the upward direction as positive. The explorer's vertical acceleration is 
—3.7 m/s" for the first 20 s. Thus at the end of that time her vertical velocity will be 


v, =at=(-3.7 m/s? X205) = —74 m/s. She will have fallen a distance 


d=v,t= [=H joo 3)=-740m 


and will thus be 1200 — 740 = 460 m above the surface. Her vertical velocity must reach 
zero as she touches the ground; therefore, taking the ignition point of the PAPS as 


X = 0, 
vy =v *2a(y- ys) 


= 2 fe 2 
Y- _ O-(-74 m/s)’ _ 5.95 m/s? or 6.0 m/s? 
(y — y) — 460 


which is the vertical acceleration that must be provided by the PAPS. The time it takes to 
reach the ground is given by 


Using Newton’s Second Law for the vertical direction 


Fears, t+mg = ma 
Fes = Ma—mg = m(a + g)=(150kg)(5.95 — (-3.7)) m/s? 
=1447.5N or 1400 N 


which is the vertical component of the PAPS force. The vehicle must also be brought to a 
stop horizontally in 12.4 seconds; the acceleration needed to do this is 


and the force needed is E,,.4, = ma = (150 kg)(2.66 m/s?) — 399 N or 400 N, since there 
are no other horizontal forces. 


5.83: Let the tension in the cord attached to block 4 be F, and the tension in the cord 
attached to block C be J. The equations of motion are then 


Ti- mag= mya 

7, - img -T,= mya 

meg —To—mgqa. 
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a) Adding these three equations to eliminate the tensions gives 


a(m, +m, me) = g(mo —- m, — H Mpa), 
solving for m, gives 
m = Maat g)+m,(a+ 4,8) 
e , 
g-a 
and substitution of numerical values gives mo —12.9 ke. 
b) 7, =m,(g + a)=47.2 N, To  me(g—a)-101 N. 


5.84: Considering positive accelerations to be to the right (up and to the right for the left- 
hand block, down and to the right for the right-hand block), the forces along the inclines 
and the accelerations are related by 

T — (100 kg)g sin 30? — (100 kg)a, (50 ke)g sin 539 — 7 — (50 kg)a, where Tis the tension 
in the cord and a the mutual magnitude of acceleration. Adding these relations, 

(50 ke sin 53? — 100 kg sin 30?)g = (50 kg -- 100 ke)a, or a = —0.067 g. a) Since a comes 
out negative, the blocks will slide to the left; the 100-ke block will slide down. Of course, 
if coordinates had been chosen so that positive accelerations were to the left, 2 would be 


+0.067 g. b) 0.067(9.80 m/s?) = 0.658 m/s". 


c) Substituting the value of a (including the proper sign, depending on choice of 
coordinates) into either of the above relations involving 7' yields 424 N. 


5.85: Denote the magnitude of the acceleration of the block with mass m, as e; the block 
of mass m, will descend with acceleration a/2. If the tension in the rope is T, the 
equations of motion are then 


T -ma 


m,g—2T =m,a/2. 
Multiplying the first of these by 2 and adding to eliminate 7, and then solving for a gives 


mg , 2m 
ga H -=y 
2m, 4 m;/2 Am, +m 


The acceleration of the block of mass m, is half of this, or g m, / (4m, 4- m, ). 


5.86: Denote the common magnitude of the maximum acceleration as e. For block A to 
remain at rest with respect to block B, a < z g. The tension in the cord is then 
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T —(m,4 m,)a  ug(m,^ mg) » (m, 4 myX(a ^ 4,g). This tension is related to the mass 
mo by T = mo(g — a). Solving for a yields 


Ro — A Gn, 4 mg) 
Ma tMg +t me 


« Hg. 


Solving the inequality for m, yields 


Me < (m, Dmm tA) 
— #, 


5.87: See Exercise 5.15 (Atwood’s machine). The 2.00-kg block will accelerate upward 


at CEs — 3g/7, and the 5.00-kg block will accelerate downward at 3g/7. Let the 


initial height above the ground be A ; when the large block hits the ground, the small 
block will be at a height 24), and moving upward with a speed given by 

v; = 2ah, = 6gh, /7. The small block will continue to rise a distance v; /2g =3h,/7, and 
so the maximum height reached will be 2, + 34, /7 2174, /7 21.46 m, which is 0.860 m 
above its initial height. 


5.88: The floor exerts an upward force z on the box, obtained from n — mg — ma, or 
n=m(a+g). The friction force that needs to be balanced is 


u,n = um(a + g) (0.32)08.0 ke)(1.90 m/s? 4 9.80 m/s^) 2105 N. 


5.89: The upward friction force must be f, = 445 = m,g, and the normal force, which is 
the only horizontal force on block 4, must be n= m,a, and so a = g/ 4. An observer on 


the cart would “feel” a backwards force, and would say that a similar force acts on the 
block, thereby creating the need for a normal force. 


5.90: Since the larger block (the trailing block) has the larger coefficient of friction, it 
will need to be pulled down the plane; i.e., the larger block will not move faster than the 
smaller block, and the blocks will have the same acceleration. For the smaller block, 
(4.00 ke)g(sin30? — (0.25)cos 30?) - T = (4.00 k&)a, 0r11.11 N—7' = (4.00 ke)a, and 


similarly for the larger, 15.44 N +T = (8.00 ke)a, a) Adding these two relations, 
26.55 N = (12.00 ke)a,a = 2.21 m/s? (note that an extra figure was kept in the 
intermediate calculation to avoid jaunes stip d) pgbstitution into either of the above 


relations gives T = 2.27 N. Equivalently, dividing the second relation by 2 and 


subtracting from the first gives 27 — 11.11 N — 5***, giving the same result. c) The 
string will be slack. The 4.00-ke block will have a = 2.78 m/s? and the 8.00-ke block 
will have a —1.93 m/s", until the 4.00-ke block overtakes the 8.00-ke block and collides 


with it. 


5.91: a) Let z, be the normal force between the plank and the block and 7, be the 
normal force between the block and the incline. Then, x, = wcos& and 

na = na 3wcos8 = 4wcos8. The net frictional force on the block is 

Hy n, +3) = 4, 5wcos8 . To move at constant speed, this must balance the component 
of the block’s weight along the incline, so 3wsin 8 = 44, 5wcos8, and 

u, = 2 tan@ = 2 tan37? = 0.452. 


5.92: (a) There is a contact force n between the man (mass M) and the platform (mass m). 
The equation of motion for the man is T + n — Mg = Ma, where F is the tension in the 
rope, and for the platform, T -n -mg = ma. Adding to eliminate , and rearranging, 

T =4(M * mY(a- g). This result could be found directly by considering the man- 
platform combination as a unit, with mass m+ M , being pulled upward with a force 27 


due to the fwe ropes on the combination. The tension F in the rope is the same as the 
force that the man applies to the rope. Numerically, 


f= +(70.0kg +25.0 ke)(1.80 m/s? + 9.80m/s*) = 551N. 


(b) The end of the rope moves downward 2 m when the platform moves up 1 m, so 
Use = 724a," Relative to the man, the acceleration of the rope is 3a = 5.40 m/s’, 
downward. 


5.93: a) The only horizontal force on the two-block combination is the horizontal 
component of F',F cosa. The blocks will accelerate with a= Fcosaj (m, 4 m,). b) The 
normal force between the blocks is m,g+ sina, for the blocks to move together, the 
product of this force and z, must be greater than the horizontal force that the lower block 


exerts on the upper block. That horizontal force is one of an action-reaction pair; the 
reaction to this force accelerates the lower block. Thus, for the blocks to stay together, 
mas u,(mg ^ Fsina). Using the result of part (a), 

OSE E oie 

m, + m, 
Solving the inequality for F gives the desired result. 
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5.94: The banked angle of the track has the same form as that found in Example 5.24, 


tan i=—, where v, is the ideal speed, 20 m/s in this case. For speeds larger than v,a 


frictional force is needed to keep the car from skidding. In this case, the inward force will 
consist of a part due to the normal force z and the friction force 
f;nsin f + f cos f — ma,,. The normal and friction forces both have vertical 


components; since there is no vertical acceleration, n cos £ — f sin = mg. Using 


? 


f= n and auy == DE = 2.25 gtan £, these two relations become 
nsin £ + u,ncos f = 2.25 mg tan f, 
ncos f — unsin f = mg. 
Dividing to cancel z gives 
LM E 
cos f — u, sin f 
Solving for z, and simplifying yields 
. 1.25sinf cos £ 
* 141.25sin? £ ` 


Using £ = arctan 2a —)- 18.79? gives z, = 0.34. 


5.95: a) The same analysis as in Problem 5.90 applies, but with the speed v an unknown. 
The equations of motion become 


nsin f + uncos B — mv fR, 
ncos f — unsin f = mg. 
Dividing to cancel z gives 
sinf-4,cosf v 
cos f — 4, sin f F Rg 
Solving for v and substituting numerical values gives v — 20.9 m/s (note that the value 
for the coefficient of static friction must be used). 

b) The same analysis applies, but the friction force must be directed up the bank; this 
has the same algebraic effect as replacing f with — f , or replacing 4, with — 4, 
(although coefficients of friction may certainly never be negative). The result is 

Veg) EE ARE. 
cos £ + 4, sin £ 
and substitution of numerical values gives v — 8.5 m/s. 


5.96: (a) S0 mi/h is 35.7 m/s in SI units. The centripetal force needed to keep the car on 
the road is provided by friction; thus 
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(b) If 4, 2 0.20: 
v! = rug = (171 m) (0.20) (9.8 m/s") = 335.2 m/s? 
y —18.3 m/s or about 41 mi/h 
(c) If 4, — 0.37 : 
v! = (171 m) (0.37) (9.8 m/s?) = 620 m? /s? 
v= 24.9 m/s or about 56 mi/h 
The speed limit is evidently designed for these conditions. 


5.97; a) The siatic fiction force between the tires and Lhe road must provide the 
centripetal acceleration for motion in the circle. 
2 


mg 2 m— 
a 


Vi Vo 


y Es y £52 i 
road. 
Ha = tlas 50 3 = (27 mn/s)/ V2 = 19 ms 


b) Calculate the time it takes you to reach the curve 
vy, = 27 m/s,v, =19 m/s, x— x, =800m, t=? 


m, g, and r are constant so where 1 refers to dry road and 2 to wet 


X— X (e gives? = 34.78 


During this time the other car will travel x — x, = v;,t = (36 m/s) (34.73) - 1250 m. The 


other car will be 50 m behind you as you enter the curve, and will be traveling at nearly 
twice your speed, so it is likely it will skid into you. 


5.98: The analysis of this problem is the same as that of Example 5.22; solving for v in 


terms of £ and R,v=4/gR tan £ = (9.80 m/s*) (50.0) tan 30.0? = 16.8 m/s, about 
60.6 km/h. 


5.99: The point to this problem is that the monkey and the bananas have the same 
weight, and the tension in the string is the same at the point where the bananas are 
suspended and where the monkey is pulling; in all cases, the monkey and bananas will 
have the same net force and hence the same acceleration, direction and magnitude. a) The 
bananas move up. b) The monkey and bananas always move at the same velocity, so the 


distance between them stays the same. c) Both the monkey and bananas are in free fall, 
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and as they have the same initial velocity, the distance bewteen them doesn't change. d) 
The bananas will slow down at the same rate as the monkey; if the monkey comes to a 
stop, so will the bananas. 


5.100: The separated equation of motion has a lower limit of 3v, instead of 0; 
specifically, 


y= 2v, E reo] : 


Note that the speed is always greater than v,. 


5.101: a) The rock is released from rest, and so there is initially no resistive force and 
a, = (18.0 N)/ (3.00 kg) = 6.00 m/s’. 

b) (18.0 N — (2.20 N-s/m) (3.00 m/s))/ (3.00 kg) = 3.80 m/s”. c) The net force must be 
1.80 N, so kv=16.2 N and v= (16.2 N)/(2.20 N-s/m) = 7.36 m/s. d) When the net 
force is equal to zero, and hence the acceleration is zero, kv, 218.0 N and 
v, = (18.0 N)/(2.20 N-s/m)=8.18 m/s. e) From Eq. (5.12), 

3.00 kg -((220 N.s/m)/(3.00 kgyy2.00 s 
y — (8.18 m/s) 005-2088 a. ee ore ae »| 


= 47.78 m. 
From Eq. (5.10), 


v- (8.18 m/ s)[1— gC 20 sb {3.00 kadN(2.003) ] 
— 6.29 m/s. 
From Eq. (5.11), but with a, instead of g, 
a — (6.00 m, / s? Je ON my0 EDRW) 1.23g m/s? : 


1-+ =0.1=6%"", so 


Xi 


t= ln (10)=3.14s. 


5.102: (a) The retarding force of the surface is the only horizontal force acting. Thus 
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which gives 


For the rock's position: 
dx Wk | FE 
ries erred 
4m 
wW kidt kidt 
— + 
4m? 


and integrating gives 
Wke kt 


(b) 


m 2m 
This is a quadratic equation in £; from the quadratic formula we can find the single 
solution: 


(c) Substituting the expression for ¢ into the equation for x: 
mv} 2 vi ?k Am vs k’ 8m^vj P 
AE pean 


5.103: Without buoyancy, kv, = mg,sok = 


With buoyancy included there is the additional upward buoyancy force B, so 
B-ky, =mg 


0.24 m/s 
B =mg—ky, = mg| 1-725 |. mg/3 
warn zi me] mel 
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5.104: Recognizing the geometry of a 3-4-5 right triangle simplifies the calculation. For 
instance, the radius of the circle of the mass’ motion is 0.75 m. 
a) Balancing the vertical force, 7, $— 7, += w, so 


T =f, == =80.0N—=(4.00 kg) (9.80 m/s”) 2 31.0 N. 


for 


b) The net inward force is F — 17, +27, = 66.6 N. Solving F = ma,,, =m E 


the period 7, 
Pa 2n j7 ip NEO T Se 
F (66.6N) 


or 0.02223 min, so the system makes 45.0 rev/min. c) When the lower string becomes 
slack, the system is the same as the conical pendulum considered in Example 5.22. With 


cos £j = 0.800, the period is 7 = 2x4 (1.25 m) (0.800)/(9.80 m/s?) = 2.007 s, which is the 


same as 29.9 rev/min. d) The system will still he the same as a conical pendulum, hut. 
the block will drop to a smaller angle. 


5.105: a) Newton’s 2nd law gives 


d 

m2. — mg —kv,, where —=v, 
dt 

|i. kp 

v im m 


This is the same expression used in the derivation of Eq. (5.10), except the lower limit 
in the velocity integral is the initial speed v, instead of zero. 

Evaluating the integrals and rearranging gives 

y we "^ ^ w(- gi X" 

Note that at ¿= 0 this expression says v, =v, and at ta it says v, v. 


b) The downward gravity force is larger than the upward fluid resistance force so the 
acceleration is downward, until the fluid resistance force equals gravity when the 
terminal speed is reached. The object speeds up until v, — v,. Take + y to be downward. 
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c) The upward resistance force is larger than the downward gravity force so the 
acceleration is upward and the object slows down, until the fluid resistance force equals 
gravity when the terminal speed is reached. Take + y to be downward. 


d) When v, =v, the acceleration at f= 0 is zero and remains zero; the velocity is 
constant and equal to the terminal velocity. 


5.106: (a) To find find the maximum height and time to the top without fluid resistance: 
vj = Voy + 2a(y - Yo) 
2 


v — v 0-(60m/sy 


-y= = ——— —1.84mor1.8m 
PMT 9a T 2(-98n/s?) i 
"idm momo gig 
a —9.8 m/s 

(b) Starting from Newton's Second Law for this situation 

dv 

m—= mg —kv 
ON 


we rearrange and integrate, taking downward as positive as in the text and noting that the 
velocity at the top of the rocks “flight” is zero: 
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Inv XJ = In— = lna— —20m/s — . (025) 1.486 
v-v, — 6.0 m/s - 2.0 m/s 


From Eq. 5.9, m/k = v, / g = (2.0 m/s^)/(9.8 m/s’) = 0.204 s, and 
-—2(-1.386) = (0.204 s) (1.386) = 0.2838 to the top. Equation 5.10 in the text gives us 


E =v,(l- etm) =y,- ye m 


t 


je = [rae - [ue ™ dt 
0 0 D 


vm 
E E (e mv -1) 


= (2.0 m/s) (0.283 s)+ (2.0 m/s) (0.204 sY(e ^" —1) 
=0.26 m 


5.107: a) The forces on the car are the air drag force f- = Dv’ and the rolling friction 
force u mg. Take the velocity to be in the + x-direction. The forces are opposite in 
direction to the velocity. X F, = ma, gives 

— Dy! — umg = ma 
We can write this equation twice, once with v — 32 m/s and a — — 0.42 m/s? and once 
with v 2 24 m/s and a — —0.30 m/s. Solving these two simultaneous equations in the 
unknowns D and 4 gives 4; = 0.015 and D - 0.36 N-s?/m’. 


b) n=mgcosf and the component of gravity parallel to the incline is mgsin £, 
where f = 2.2*. 


For constant speed, mg sin 2.2? — 44 mg cos 2.22 — Dy? = 0. 
Solving for v gives v= 29 m/s. 
c) For angle fmgsin f — mg cos f- Dy! =0 


and y- | nGin B — 14 cos £) 
i D 


The terminal speed for a falling object is derived from Dv; — mg = 0, so 
v», = ymg/D. 

v/v, = dsin f — 4, cos f 

And since x, —0.015,v/v, = ,/sin £ — (0.015) cos £ 
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5.108: (a) One way of looking at this is that the apparent weight, which is the same as 
the upward force on the person, is the actual weight of the person minus the centripetal 
force needed to keep him moving in its circular path: 


wu, = mg- m. = (70kg) les m/s?) 


—434 N 
(b) The cart will lose contact with the surface when its apparent weight is zero; i.e., when 
the road no longer has to exert any upward force on it: 


| (12 m/s 
40m 


2 
my 
GE 
v = Rg = (40 m) (9.8 m/s?) = 392 m/s? 
vy 219.8 m/s or 20 m/s 


The answer doesn't depend on the cart’s mass, because the centripetal force needed to 
hold it on the road is proportional to its mass and so is its weight, which provides the 
centripetal force in this situation. 


5.109: a) For the same rotation rate, the magnitude of the radial acceleration is 
proportional to the radius, and for twins of the same mass, the needed force is 
proportional to the radius; Jackie is twice as far away from the center, and so must hold 
on with twice as much force as Jena, or 120 N. 


b) DF. = mv fr. 


- [UMC ém) = 
y= "| — 3.8 m/s. 


5.110: The passenger's velocity is v= 2x R/t 2 8.80 m/s. The vertical component of the 
seat's force must balance the passenger's weight and the horizontal component must 


provide the centripetal force. Therefore: 
F „sin @=mg =833N 


2 
Fy 0089 = "= 188N 


Therefore tan à = 833 N/188 N = 4.43;8 = 77.3? above the horizontal. The magnitude of 
the net force exerted by the seat (note that this is not the net force on the passenger) is 


E = ine [| = (833 NÝ + (188 NÝ 


=854N 
(b) The magnitude of the force is the same, but the horizontal component is reversed. 
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5.111: a) 
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b) The upward friction force must be equal to the weight, so 
un 7 ugm(Az? R/T*)> mg and 
2 2 2 
"m af _ (9.80 m/s ) (1s/0.60 rev)” _ Bi 
Ax^R 4n (2.5 m) 
C) No; both the weight and the required normal force are proportional to the rider’s 
mass. 


5.112: a) For the tires not to lose contact, there must be a downward force on the tires. 
Thus, the (downward) acceleration at the top of the sphere must exceed mg, so 


m= > mg, and v» JgR = (9.80 m/s^) (13.0 m) - 11.3 m/s. 


b) The (upward) acceleration will then be 4g, so the upward normal force must be 
5mg = S(110 kg) (9.80 m/s?) = 5390 N. 


5.113: a) What really happens (according to a nosy observer on the ground) is that you 
slide closer to the passenger by turning to the right. b) The analysis is the same as that of 
Example 5.23. In this case, the friction force should be insufficient to provide the inward 


radial acceleration, and so x mg < mv / R, or 
2 2 
MUT = o -120m 
Hg (0.35) (9.80 m/s") 


to two places. Why the passenger is not wearing a seat belt is another question. 


5.114: The tension F in the string must be the same as the weight of the hanging block, 
and must also provide the resultant force necessary to keep the block on the table in 


uniform circular motion; Mg = F = m*-, so v= gr M] m. 
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5.115: a) The analysis is the same as that for the conical pendulum of Example 5.22, and 
80 


B= arccos | gr | = es ( © SO m/e a =81.0°. 

4r“ L 4z (0.100 m) 
b) For the bead to be at the same elevation as the center of the hoop, £ — 90? and 
cos £ — 0, which would mean 7 = 0, the speed of the bead would be infinite, and this is 
not possible. c) The expression for cos P gives cos P = 2.48, which is not possible. In 
deriving the expression for cos £, a factor of sin £ was canceled, precluding the 
possibility that £ — 0. For this situation, £ = 0 is the only physical possibility. 


5.116: a) Differentiating twice, a, =—6ft and a, =—26, so 
E = ma, = (2.20 kg) (-0.72 N/s)t = —(1.58 N/s) 
F, = ma, = (2.20 kg) (-2.00 m/s?) 2 4.40 N. 

b) 


C) At 1 — 3.00, F, 2 —4.75 Nand F, = —4.40 N, so 
F = (4.75 NY + (-4.40 Ny 26.48 N, 


at an angle of arctan (22)- 2239. 


5.117: 


Sek ~~ age 
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5.118: See Example 5.25. 
a) F, = mlg+%2)= 1.60 ke)(9.80m/s? 4.299" )- 61.8 N. 


b) F, = mg—* 2). (1.60 ke). 80m/3? er )- —30.4 N., where the minus sign 
indicates that the track pushes down on the car. The magnitude of this force is 30.4 N. 


5.119: The analysis is the same as for Problem 5.95; in the case of the cone, the speed is 
related to the period by v= 2x R/T = 2xhtan B/T , or T = 2xhtan f/v. The maximum and 
minimum speeds are the same as those found in Problem 5.95, 


= hian FETS 
sin f — x, cos f 

m jai; pE -p sinf 

sin P + u, cos f 


The minimum and maximum values of the period T are then 
htan £sin £f — p, cos f 
g cos£- p,sin f 
htan £sin f + ui, cos f 

g cosf-g,sinf | 


Tut 


5.120: a) There are many ways to do these sorts of problems; the method presented is 
fairly straightforward in terms of application of Newton's laws, but involves a good deal 
of algebra. For both parts, take the x-direction to be horizontal and positive to the right, 
and the y-direction to be vertical and positive upward. The normal force between the 
block and the wedge is z; the normal force between the wedge and the horizontal surface 
will not enter, as the wedge is presumed to have zero vertical acceleration. The horizontal 
acceleration of the wedge is 4, and the components of acceleration of the block are a, 


and a,. The equations of motion are then 

MA — -nsina 

ma, = nsina 

ma, = n cosa. — mg. 
Note that the normal force gives the wedge a negative acceleration; the wedge is expected 
to move to the left. These are three equations in four unknowns, 4, a,,2, and z. Solution 
is possible with the imposition of the relation between 4, a, and a,. 

An observer on the wedge is not in an inertial frame, and should not apply Newton’s 
laws, but the kinematic relation between the components of acceleration are not so 
restricted. To such an observer, the vertical acceleration of the block is a,, but the 
horizontal acceleration of the block is a, — A. To this observer, the block descends at an 
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angle æ, so the relation needed is 
M edili 
a,—A 
At this point, algebra is unavoidable. Symbolic-manipulation programs may save some 
solution time. A possible approach is to eliminate a, by noting that a, =- 4 (a result 
that anticipates conservation of momentum), using this in the kinematic constraint to 
eliminate a, and then eliminating 7. The results are: 


EE TER 
— (M +m) tana (M/tan a) 
go, 505 M 
” (M +m) tan a+ (M/tan a) 
e ss — g( M +m) tan a 
” (M | m)tana | (M/tan a) 
(b) When M >> m, A — 0, as expected (the large block won't move). Also, 
a, > 


" esse — : 
madaan San. = gsinacosa, which is the acceleration of the block 


(g sin ain this case), with the factor of cosa giving the horizontal component. Similarly, 
a, -g sin’ a. 
(c) The trajectory is a spiral. 


5.121: If the block is not to move vertically, the acceleration must be horizontal. The 
common acceleration is a= g tan 8, so the applied force must be 
(M+ ma - (M + m)g tan 8. 


5.122: The normal force that the ramp exerts on the box will be n = wcos a—T sin 8. 
The rope provides a force of T cos6 up the ramp, and the component of the weight down 
the ramp is wsin a. Thus, the net force up the ramp is 
F =T cos8 —wsin a— pu, (wcos a.— T' sin 8) 
— T(cos 8 + p, sin 9) — w(sin a+ p cos a). 
The acceleration will be the greatest when the first term in parantheses is greatest; as in 
Problems 5.77 and 5.123, this occurs when tan 8 = 4. 


5.123: a) See Exercise 5.38; F = 4, w/(cos@+ x, sin 9). 
b) 
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c) The expression for F is a minimum when the denominator is a maximum; the 
calculus is identical to that of Problem 5.77 (maximizing w for a given F gives the same 
result as minimizing F for a given w), and so F is minimized at tan @ = 44. For 


4, = 0.25,8 = 14.0?, keeping an extra figure. 


5.124: For convenience, take the positive direction to be down, so that for the baseball 
released from rest, the acceleration and velocity will be positive, and the speed of the 
baseball is the same as its positive component of velocity. Then the resisting force, 
directed against the velocity, is upward and hence negative. 


a) 


b) Newton’s Second Law is then ma = mg — Dv’. Initially, when v= 0, the 
acceleration is g, and the speed increases. As the speed increases, the resistive force 
increases and hence the acceleration decreases. This continues as the speed approaches 


the terminal speed. c) At terminal velocity, 2=0, so v, = x , in agreement with 
Eq. (5.13). d) The equation of motion may be rewritten as “= iid — y). This isa 


separable equation and may be expressed as 


dv g 
Is r oe or 
— arctanh| — |= =, 
Y Yi VT 


so v—v, tanh(gt/'y, ) 
Note: If inverse hyperbolic functions are unknown or undesirable, the integral can be 
done by partial fractions, in that 
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1 pal 1 á 1 
vv 2w|vw-v vty] 


and the resulting logarithms in the integrals can be solved for v(t) in terms of 
exponentials. 


5.125: Take all accelerations to be positive downward. The equations of motion are 
straiehtforward, but the kinematic relations between the accelerations, and the resultant 
algebra, are not immediately obvious. If the acceleration of pulley B is a, then 
a, =—a,, and a, is the average of the accelerations of masses 1 and 2, or 
a +a, = 2a, =—2a,. There can be no net force on the massless pulley B, so J, = 27. 
The five equations to be solved are then 
mg- =ma 
mg—T,-m, 
mg — To = ma, 
a,+a,+2a,=0 
2T, - T. — 0. 
These are five equations in five unknowns, and may be solved by standard means. A 
symbolic-manipulation program is of great use here. 
a) The accelerations a, and a, may be eliminated by using 
2a, — —(a, +a,)= (2g — T (m) + (I/m; ))). 
The tension 7, may be eliminated by using 
T, = (/2)Tc = 4/2) (g — a3). 
Combining and solving for a, gives 
is es — Amm, + m4m, + mm, 
3 4mm, + mm, 4 mm, à 
b) The acceleration of the pulley B has the same magnitude as a, and is in the 
opposite direction. 
T. My 


T 
c) aqa=g-—=g-——=g- 


m, 2m, 2m, (g-a) 


Substituting the above expression for a, gives 


— 4mm, — 3mm, + mm, 
i 4mm, + MM + mm, 
d) A similar analysis (or, interchanging the labels 1 and 2) gives 
Rus Amm, — 3mm, 4 mm, 
3 Amm; + mm, 4 mjm, 
e) & f) Once the accelerations are known, the tensions may be found by substitution 
into the appropriate equation of motion, giving 
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T, 2g Am, mam, li ese Sm mm, 
4 ate 
Am im, + mama HRUP 


Amm, - mm, + mm, 
g) If m, =m, =m and m, — 2m, all of the accelerations are zero, Ta = 2mg and 


T,-—mg. All masses and pulleys are in equilibrium, and the tensions are equal to the 
weights they support, which is what is expected. 


5.126: In all cases, the tension in the string will be half of F. 

a) F/2— 62 N, which is insufficient to raise either block; a, = a, = 0. 

b) F/2—62 N. The larger block (of weight 196 N) will not move, so a, — 0, but the 
smaller block, of weight 98 N, has a net upward force of 49 N applied to it, and so will 


accelerate upwards with a, = ipsis = 4.9 m/s?. 


c) #/2=212N, so the net upward force on block 4 is 16 N and that on block B is 
114 N, so 2, = 35i = 0.8 m/s^ and a, = et = 11.4 m/s’. 


5.127: Before the horizontal string is cut, the ball is in equilibrium, and the vertical 
component of the tension force must balance the weight, so T, cos 5 = w, or 

T, =w/cos f. At point B, the ball is not in equilibrium; its speed is instantaneously 0, so 
there is no radial acceleration, and the tension force must balance the radial component of 
the weight, so T, = wcos f, and the ratio (7, /T,) — cos! £. 
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61: a)(240N)(1.5m) = 3.60J b) (-0.600 N)(1.50 m) = —0.900J 
c) 3.601— 0.7201— 2.701. 


6.2: a) “Pulling slowly” can be taken to mean that the bucket rises at constant speed, so 
the tension in the rope may be taken to be the bucket’s weight. In pulling a given length 
of rope, from Eq. (6.1), 
W = Fs = mgs = (6.75kg) (9.80 m/s" (4.00 m) = 264.6 J. 
b) Gravity is directed opposite to the direction of the bucket's motion, so Eq. (6.2) 
gives the negative of the result of part (a), or — 265J . c) The net work done on the bucket 
is zero. 


6.3: (25.0 N)12.0 m) = 3007. 


6.4: a) The friction force to be overcome is 
f= u,n = umg -(0.25)(30.0kg)(9.80 m/s") = 73.5 N, 


or 74 N to two figures. 


b) From Eq. (6.1), Fs = (73.5 NY(4.5 m) = 331J. The work is positive, since the worker 
is pushing in the same direction as the crates motion. 


c) Since fand s are oppositely directed, Eq. (6.2) gives 
— fs =—(73.5N)(4.5m) = -331J. 


d) Both the normal force and gravity act perpendicular to the direction of motion, so 
neither force does work. e) The net work done is zero. 


6.5: a) See Exercise 5.37. The needed force is 


2 
F- H mg š (0.25)(30 xpo ma ) —992N, 
cos ø — 4, sing cos 30? — (0.25)sin 30° 
keeping extra figures. b) Fiscos ø = (99.2 N)(4.50 m) cos 30? = 386.5J , again keeping an 
extra figure. c) The normal force is mg + F'sin ø, and so the work done by friction is 
— (4.50 my(0.25)((30 ke)(9.80 m/s*)+ (99.2 N)sin 30°) = —386.5J . d) Both the normal 


force and gravity act perpendicular to the direction of motion, so neither force does work. 
e) The net work done is zero. 
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6.6: From Eq. (6.2), 


Fscos$ = (180 NY300 m)cos15.0°= 5.22 x 10* J. 


6.7: 2Fscosó = 2(1.80x10* N)(0.75x10° m)cos14? = 2.62x10' J, or 2.6x10°J to 
two places. 


6.8: The work you do is: 


F -5 = (G0NY — (40N)j)- ((-9.0my — (3.0m)j) 
= 30N)\(—9.0 m)-- 40 N)(-3.0 m) 
=-270N-m+120N-m=-150J 


6.9: a) (i) Tension force is always perpendicular to the displacement and does no work. 
(ii) Work done by gravity is —-mg(y, — yı) When y, = yz, W,, =0. 
b) (i) Tension does no work. 
(ii) Let / be the length of the string. Wps = —ng(y; — y,) =—mg(2/) = 25.1J 


The displacement is upward and the gravity force is downward, so it does negative 
work. 


6.10: a) From Eq. (6.6), 


2 
K == (1600kg) (Sook mis) =1.54%10° 1. 
3.6 km/h 


b) Equation (6.5) gives the explicit dependence of kinetic energy on speed; doubling the 
speed of any object increases the kinetic energy by a factor of four. 


6.11: For the T-Rex, K = +(7000 ke )((4 km/hr) ims y? — 4.32 10° J. The person's 


3.6 km/hr 


velocity would be v= [24.32 x10* J¥70ke = 111 m/s, or about 40 km/h. 


6.12: (a) Estimate: v««1m/s (walking) 
ves 2m/s (running) 
me TOke 
Walking: KE =4myv* = 1(70kg)(l m/s)? = 35J 
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d: 
2 


Running: KE - 1(70kg)(2m/s)! = 140J 

(b) Estimate: v = 60 mph = 88ft/s = 30m/s 
m e 2000 ke 

KE - 1(2000kg)(30 m/s)! =9x10° J 

(c) KE = W aiy = mgh Estimate hs 2m 


KE = (1kg)\(9.8m/s?)(2 m) + 20] 


6.13: Let point 1 be at the bottom of the incline and let point 2 be at the skier. 
Wa-E,-R, 


1 ^ 
K, -—mv,,K,-0 
1 2 0 2 
Work is done by gravity and friction, so W,, = Wae + W,. 
W,,--mg(- y) - -mgh 
W, -—fs--(u,mgcosa)(h/sina) - —u,mgh/tana 
Substituting these expressions into the work-energy theorem and solving for v, gives 


v = J2gh(1- 4, / tana) 


6.14: (a) «RR 


-m E ee 
g EE is 


w= dve +2gh 


= 4(25.0 m/s)? 4 2(9.80m/s^)(15.0 m) 
— 30.3 m/s 


(b) 
W =AKE 


Ab m 
E mE tn E wwe 


owy; _ 30.3 m/s)’ -0° 


2g 2(9.80 ms/ s^) 
= 46.8m 


6.15: a) parallel to incline: force component = mg sin æ , down incline; displacement 
= h/sin a, down incline 
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W = (mgsin a XA /sin a) — mgh perpendicular to incline: no displacement in this 
direction, so W, — 0. 

Wae = W,-- W, = mgh , same as falling height 2. 

b) Wa - K, — K, gives mgh— Lmv' and v — 42gh , same as if had been dropped 
from height %. The work done by gravity depends only on the vertical displacement of the 
object. 

When the slope angle is small, there is a small force component in the direction of 
the displacement but a large displacement in this direction. When the slope angle is large, 


the force component in the direction of the displacement along the incline is larger but 
the displacement in this direction is smaller. 


c) h=15.0m, so v - J2gk —17.1s 


6.16: Doubling the speed increases the kinetic energy, and hence the magnitude of the 
work done by friction, by a factor of four. With the stopping force given as being 
independent of speed, the distance must also increase by a factor of four. 


6.17: Barring a balk, the initial kinetic energy of the ball is zero, and so 
W = (0/2 = (0/2Y(0.145 kg)(32.0 m/s)? = 74.2 J. 


6.18: As the example explains, the boats have the same kinetic energy X at the finish line, 
so (1/2)m vi = (1/2)m,v,, or, with m, = 2m,,v, =2v,. a) Solving for the ratio of the 
speeds, v,/v, = 42. b) The boats are said to start from rest, so the elapsed time is the 
distance divided by the average speed. The ratio of the average speeds is the same as the 
ratio of the final speeds, so the ratio of the elapsed times is 25/2, —v,/vg = 42. 


6.19: a) From Eq. (6.5), K, = K,/16, and from Eq. (6.6), W = —(15/16)K,. b) No; 
kinetic energies depend on the magnitudes of velocities only. 


6.20: From Equations (6.1), (6.5) and (6.6), and solving for F, 


s S (2.50 m) 


AK  1(0420kg)((6.00m/s)! (2.00 m/s)*) 
SS lll 
F (40.0N) 


6.21: =16.8 cm 
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6.22: a) If there is no work done by friction, the final kinetic energy is the work done by 
the applied force, and solving for the speed, 


- [nm D X36.07)0.20m) _ 4 5 in/s 
m m (4.30 kg) 


b) The net work is Fs— f,s = (F — u,mg)s, s0 


- XF- Hmg)s 
|. |2(36.0N — (0.30)(4.30 kg)(9.80 m/s?))1.20 m) 
E (4.30 kg) 


= 3.61m/s. 
(Note that even though the coefficient of friction is known to only two places, the 
difference of the forces is still known to three places.) 
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6.23: a) On the way up, gravity is opposed to the direction of motion, and so 
W — —mgs = —(0.145 kg (9.80 m/s^)(20.0m) = 28.4 J. 


b) v=- Hima i A D Ea: 
m (0.145 kg) 


c) No; in the absence of air resistance, the ball will have the same speed on the way 
down as on the way up. On the way down, gravity will have done both negative and 
positive work on the ball, but the net work will be the same. 


6.24: a) Gravity acts in the same direction as the watermelon's motion, so Eq. (6.1) gives 
W = Fs = mgs = (4.80kg)(9.80 m/s^)(25.0m) 21176. 
b) Since the melon is released from rest, K, = 0, and Eq. (6.6) gives 


K =K, =W =1176]J. 


6.25: a) Combining Equations (6.5) and (6.6) and solving for v, algebraically, 


| W, s ; 
v, 2 Jv) +2—* = | (4.00m/s)? PUN Um) toaa 
m (7.00 kg) 


Keeping extra figures in the intermediate calculations, the acceleration is 
a= (10.0 kg- m/s^)/(7.00 kg) — 1.429 m/s’. From Eq. (2.13), with appropriate change in 
notation, 
và =v, + 2as = (4.00 m/s)? + 2(1.429 m/s’ X3.0 m), 
giving the same result. 


6.26: The normal force does no work. The work-energy theorem, along with Eq. (6.5), 


gives 
2K 2W 
v2 —- — = J2gh = J2gL sin 8, 
m m 


where kh = Lsin@ is the vertical distance the block has dropped, and @ is the angle the 
plane makes with the horizontal. Using the given numbers, 


v= 42(9.80 m/s*)(0.75 m) sin 36.9? = 2.97 m/s. 
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6.27: a) The friction force is 4, mg , which is directed against the cars motion, so the net 
work done is — 4, mgs. The change in kinetic energy is AK = —&, =—(1/ 2)mvi, and so 
s=v,/2u,g. b) From the result of part (a), the stopping distance is proportional to the 
square of the initial speed, and so for an initial speed of 60 km/h, 

s = (91.2m)(60.0/80.0)? = 51.3m. (This method avoids the intermediate calculation of 
4, which in this case is about 0.279.) 


6.28: The intermediate calculation of the spring constant may be avoided by using Eq. 
(6.9) to see that the work is proportional to the square of the extension; the work needed 


to compress the spring 4.00 cm is (12.0 Hee er —21.3J. 


6.29: a) The magnitude of the force is proportional to the magnitude of the extension or 


compression; 
(160 N)(0.015 m/0.050 m) = 48 N, (160 N)(0.020 m/ 0.050 m) = 64 N. 


b) There are many equivalent ways to do the necessary algebra. One way is to note 
169 N 
0.050 m 
so that stretching 0.015 m requires (4 J)(0.015/0.050)? = 0.360 J and compressing 0.020 

m requires (47)(0.020/ 0.050)? 20.64 J. Another is to find the spring constant 
k = (160 N) + (0.050 m) = 3.20x 10? N/m, from which (1/2)(3.20x10* N/ m)(0.015 m) 
= 0.360 Jand (1/2)(3.20x 10? N/m)(0.020 m)? = 0.64 J. 


that to stretch the spring the original 0.050 m requires ( | — (0.050m)* =4J, 


6.30: The work can be found by finding the area under the graph, being careful of the 
sien of the force. The area under each triangle is 1/2 basex height. 


a) 1/2 ($8 m)(10N) - 40J. 
b) 1/2 (4m)(10 N) - 4207. 
c) 1/2 12 mY10 NN) - 603. 


6.31: Use the Work-Energy Theorem and the results of Problem 6.30. 


a)v- i992. 2.83m/s 
\ 10kg 


b) At x 212 m, the 40 Joules of kinetic energy will have been increased by 20 J, so 
v= S20: =3.46m/s. 
10kg 
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6.32: The work you do with your changing force is 


p F(xjdx- i"; (-20.0 N)dx— P $0 she 


= (20.0 N)x |?? 8.0 Sys: /2)/? 
m 
--138N:m-714N-.m--2094J or —209] 


The work is negative because the cow continues to advance as you vainly attempt to push 
her backward. 


6.33: Wa - K, — K, 
Eo d. d g 
K,—-—mvw,, K, =0 
I RKG 2 


Work is done by the spring force. Wor = —Lkx , Where x is the amount the spring is 
compressed. 


-Z =i my} and x=v,¥m/k =8.5em 


6.34: a) The average force is (80.0 7)/(0.200 m) = 400 N , and the force needed to hold 
the platform in place is twice this, or 800 N. b) From Eq. (6.9), doubling the distance 
quadruples the work so an extra 240 J of work must be done. The maximum force is 
quadrupled, 1600 N. 

Both parts may of course be done by solving for the spring constant 


k = 2(80.0 J) + (0200 m) = 4.00x10° N/m, giving the same results. 


6.35: a) The static friction force would need to be equal in magnitude to the spring force, 


uk _ (200 M/my0086m) _ on ‘ ' ; 
ung —kd or u = rm TT 1.76 , which is quite large. (Keeping extra figures in 


the intermediate calculation for d gives a different answer.) b) In Example 5.6, the 
relation 


i d x 
da kd == 
mgd +7 uae 


was obtained, and d was found in terms of the known initial speed v, . In this case, the 
condition on d is that the static friction force at maximum extension just balances the 
spring force, or kd = 44,mg . Solving for v? and substituting, 
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vi = Ea +2gdu,d 


k umg y H.mg 
c T rss qu fae: 
H k ) msl k | 


2 
m 2 
zn : (H, $ 24,4, ) 


V ud 


(20.0 N/m) Jes + 2(0.60)(0.47)), 


from which v, = 0.67 m/s. 


6.36: a) The spring is pushing on the block in its direction of motion, so the work is 
positive, and equal to the work done in compressing the spring. From either Eq. (6.9) or 


Eq. (6.10), W = 14x^ = 1(200 N/m)(0.025 m)? = 0.06J. 
b) The work-energy theorem gives 


y= pe M NM 
m (4.0kg) 


6.37: The work done in any interval is the area under the curve, easily calculated when 
the areas are unions of triangles and rectangles. a) The area under the trapezoid is 
4.0N-m=4.0J. b)No force is applied in this interval, so the work done is zero. c) 


The area of the triangle is 1.0 N -m —1.0J , and since the curve is below the axis 
(E, <0), the work is negative, or-1.0J. d) The net work is the sum of the results of 
parts (a), (b) and (c), 3.0 J. (e) +1.0 J- 2.0J 2 —1.0J. 


6.38: a) K 2 4.0J7,s0 v- J2K/m — 2(4.0J)/(2.0kg) 22.00 m/s. b) No work is 
done between x —3.0 m and x — 4.0 m, so the speed is the same, 2.00 m/s. c) 


K -3.0J7,s0 v= J2K / m = 42(3.03)(2.0kg) = 1.73 m/s. 


6.39: a) The spring does positive work on the sled and rider; (1/2)kx* = (1/ 2)mv? , or 
v= xy k/m = (0.375 m),/(4000 N/ m)/(70 kg) = 2.83m/s. b) The net work done by 
the spring is (1/2)k(x/ — x7), so the final speed is 


v= LN — x2) = OON m (9.375 m)? — (0.200 m)^) = 240 m/s. 
m (70kg) 


6.40: a) From Eq. (6.14), with d! = Rdd, 
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W = [e Fcosédl = 2»R[^ cos dé = 2wRsin 8,. 
In an equivalent geometric treatment, when F is horizontal, F- di — Fdx , and the total 


work is F —2w times the horizontal distance, in this case (see Fig. 6.20(a)) Rsin &, , 


giving the same result. b) The ratio of the forces is N = 2cot 8. 


2wRsin &, -9 sin d, peg 28. 


c - 
) wR(1—cos8, ) (1— cos8,) 2 


6.41: a) The initial and final (at the maximum distance) kinetic energy is zero, so the 
positive work done by the spring, (1/ 2)&x^, must be the opposite of the negative work 
done by gravity, —mgisin@, or 


za nero. fH ONES XE Sri s 
x (640 N/m) m 


At this point the glider is no longer in contact with the spring. b) The intermediate 
calculation of the initial compression can be avoided by considering that between the 
point 0.80 m from the launch to the maximum distance, gravity does a negative amount 


of work given by — (0.0900 ke)(9.80 m/s? )(1.80 m — 0.80 m)sin40.0? = —0.567 J , and so 


the kinetic energy of the slider at this point is 0.567 J. At this point the glider is no longer 
in contact with the spring. 


6.42: The initial and final kinetic energies of the brick are both zero, so the net work done 
on the brick by the spring and gravity is zero, so (1/2)kd^ — mgh = 0, or 


d = f2mgh/ k = 201.80 kg (9.80 m/5^ 3.6 m)/(450 N/m) = 0.53 m. The spring will 


provide an upward force while the spring and the brick are in contact. When this force 
goes to zero, the spring is at its uncompressed length. 


6.43: Energy = (power)(time) = (100 W)(3600s) = 3.6x10° J 
K- jm so v-42K/m -100s for m- 70kg. 


6.44: Set time to stop: 
EF —ma:u,mg —ma 
a= ug —(0.200)9.80 m/s!) - 1.96 m/s” 
v=¥, + at 
0—8.00 m/s— (1.96 m/s’) 
t—4.085 
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KE im’ 


t f 
s 2 
_ 7(20.0kg)8.00m/s") |... 
4.08 s 


6.45: The total power is (165N)(9.00m/s) =1.485x10° W, so the power per rider is 
742.5 W, or about 1.0 hp (which is a very large output, and cannot be sustained for long 


periods). 
n 19 E 
6.46: a) LOOT E) axa we: 
(3.16 x 107 s/ yr) 
3.2x10" W 
b) co am = 1.2 kW/person. 
2.6%10° folks 
3.2x10" W 
c) 


(0.40)1.0x10° W/m? 


6.47: The power is P= F -v. F is the weight, mg, so 


- 8.0x10* m* = 800 km*. 


P = (700 kg) (9.8 m/s?) (2.5 m/s) 217.15 kW. So, 17.15 kW/75 kW. — 0.23, or about 


23% of the engine power is used in climbing. 


6.48: a) The number per minute would be the average power divided by the work (mg) 


required to lift one box, 
(0.50 hp) (746 W/hp) 


(30 ke) (9.80 m/s*) (0.90 m) 
or 84.6/min. b)Similarly, 


=1.41/s, 


— — (MV TR 
(30kg) (9.80 m/s°) (0.90m) ` ; 


or 22.7 /min. 


6.49: The total mass that can be raised is 
(40.0 hp) (746 W/hp)(16.0 s) 
(9.80 m/s*) (20.0 m) 


1856k& 
650kg — 28. 


= 2436 ke, 


so the maximum number of passengers is 
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6.50: From any of Equations (6.15), (6.16), (6.18) or (6.19), 


ph CON REO) ae Wed hp: 
, (4.005) 


(0.70)P.. _ (0.70) (280,000 hp)(746 W/hp) 


- =8.1x10°N. 
(65 km/h) (A km/h)/G.6m/s)) 


6.51; F= 


6.52: Here, Eq. (6.19) is the most direct. Gravity is doing negative work, so the rope 
must do positive work to lift the skiers. The force F is gravity, and F = Nmz, where N 
is the number of skiers on the rope. The power is then 
P=(Nmg)(v)cos ó 
1m/s 


— (50) (70 kg) (9.80 m/s") 120m Tm 


Jes (90.09 — 15.09) 


= 2.96 x 10* W. 
Note that Eq. (1.18) uses ø as the angle between the force and velocity vectors; in this 


case, the force is vertical, but the anele 15.0? is measured from the horizontal, so 
ø — 90.0? — 15.0? is used. 


6.53: a) In terms of the acceleration a and the time ¢ since the force was applied, the 
speed is v — at and the force is ma, so the power is P= Fv— (ma) (at) = ma't. b) The 
power at a given time is proportional to the square of the acceleration, tripline the 
acceleration would mean increasing the power by a factor of nine. c) If the magnitude of 
the net force is the same, the acceleration will be the same, and the needed power is 
proportional to the time. At : — 15.05, the needed power is three times that at 5.0 s, or 
108 W. 


6.54: 


6.55: Work done in each stroke is W = Fs and P, = W/t 2 100 Fs/t 
£—1.00s, F = 2mgand s=0.010m. F, = 0.20 W. 


6.56: 
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Pivot A z 
pe 


* dx 


Let M = total mass and T = time for one revolution 


KE- 5 tm 


5 revolutions in 3 seconds > 7 = 3/5s 
KE- ie (12.0 kg) (2.00 m} /(3/5 s =877 J. 


6.57: a) (140 N) (3.80 m) = 532J b) (20.0 kg) (9.80 m/s”) (3.80 m) (-sin 25°) = 315 


c) The normal force does no work. 


d) 
W, =—f,s = -pns - -u,mgscos 


= —(0.30) (20.0 ke) (9.80 m/s^) (3.80 m) cos 25° = —203 J 


e) 532 J—315J—203J=15J (14.7 J to three figures). 
f) The result of part (e) is the kinetic energy at the top of the ramp, so the speed is 


v= f2K/m = 4204.7 )/(20.0kg) - 1.21 m/s. 


6.58: The work per unit mass is (W /m) = gh. 
a) The man does work, (9.8 N/kg) (0.4 m) = 3.92 J/kg. 


b) (3.92 J/kg)/(70 J/kg) x 100 = 5.6%. 
c) The child does work, (9.8 N/ke) (0.2 m) =1.96 J/kg. 


(1.96 J/kg)/(70 J/kg) x 100 = 2.894. 
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d) If both the man and the child can do work at the rate of 70 J/kg, and if the child 


only needs to use 1.96 J/kg instead of 3.92 J/kg, the child should be able to do more pull 
ups. 


6.59: a) Moving a distance 7, along the ramp, s, — £L, s 


b » = Lsina, so IMA =. 
b) If AMA = IMA, (Eal Ea) = ise.) and so (Eu) "m (Fa) (sa) or Wai zm Wa 
c) 
d) 
= Wii. = (Fon Moan) == E lf um AMA 
W. 


no (Fasa) SEa IMA 


—* = — —-- 41.7 kg. 
z (9.80m/s)(18.0m) $ 
3 
T VF... 8.25x10 J _ 
r 18.0 m 
c) The weight is mg =" — 408 N, so the acceleration is the net force divided by the 


458 N — 408 N 


mass, Tum C  =1.2m/s°. 
41.7 kg 


2 
—my!-lm =r) -1 (86400kg) FAS | = 2.5910! J. 
2 2 XT 2 (90.1 min) (60 5/min ) 
b) (1/2) mv? = (1/2) (86,400 kg) (1.00 m)/(3.00 5)! = 4.8010" J. 


6.62: a) 


W, =—f,s - —umg cos 8s 


(0.31) (5.00 kg) (9.80 m/s?) cos 12.0*(1.50 m) - —22.3J 
(keeping an extra figure) b) (5.00kg) (9.80 m/s?) sin 12.0? (1.50 m) =15.3 J. 
c) The normal force does no work. d) 15.3] 22.3] — —7.0 J. 

e) K, = K, +W = (1/2) (5.00 kg) (2.2 m/s) — 7.0J — 5.17, and so 

v, = 42(5.13)/(5.00 kg) — 1.4 1n/s. 
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6.63: See Problem 6.62: The work done is negative, and is proportional to the distance s 
that the package slides along the ramp, W = mg(sin 8 — ui, cos&)s. Setting this equal to 
the (negative) change in kinetic energy and solving for s gives 
Q2) —— Li 
mg(singü —5u,cos8) 22g(sin@— m cos?) 
- (2.2 m/s) 
~ 2(9.80 m/s? (sin129— (0.31)cos12°) 


Asa check of the result of Problem 6.62, (2.2 m/s)41— (1.5 m)/(2.6m) =1.4m/s. 


= 2.6m. 


6.64: a) From Eq. (6.7), 


nae E T. 


The force is given to be attractive, so F, < 0 , and & must be positive. If x, ^ x, oe «li 


and W <0. b) Taking “slowly” to be constant speed, the net force on the object is zero, 
so the force applied by the hand is opposite F,, and the work done is negative of that 


found in part (a), or k(t -= +), which is positive if x, >x}. c) The answers have the same 


magnitude but opposite signs; this is to be expected, in that the net work done is zero. 
6.65: F =mg(R,/ry 
2 Hx mgR; 2 R 
W = -Í Fds= -Í er [dr =—mgRe(—(l/r) 7) mak 


Wa =K,-K,, K, =0 
This gives K, =mgR, -1.25x10" J 
K, =4myv; so v, = 2K, /m =11,000 m/s 
6.66: Let x be the distance past P. 
4, = 0.100 4 4x 


when x —12.5 m, 4, — 0.600 
4=0.500/12.5m = 0.0400 /m 


(a) 
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W = AKE : W, = KE, — KE, 

- [umgd = 0-7 

aN (0400 4 Ax)dx - 1. 
o n i 


2 


x? 1 
0.100)x, + 4— | 2 —v. 
4 Jx 1 2 i 


2 
(9.80 s^) (10s Je coos00/ay = = 5.50 m/s)’ 


Solve for x, :x, =5.11m 
(b) 4, — 0.100 + (0.0400/m)(51 1 m) = 0.304 
(c) W, = KE, — KE, 


— umgx = o-i 


2 
(4.50m/5 — o4 


=y'/? SE u c AERE 
TUM EE 79(0,100X9.80 m/s^) 


6.67: a) ox = (4.00 N/m5)(1.00 m)! = 4.00 N. 
b) cx; — (4.00 N/m? 2.00 my = 32.0 N. c) Equation 6.7 gives the work needed to 
move an object against the force; the work done by the force is the negative of this, 
- [exis = — ei — x) 


With x, =x, =1.00m and x, =x, — 2.00 m, W — —15.0J, this work is negative. 


6.68: From Eq. (6.7), with x, — 0, 
de x D xc deo i 


W =| F&-|[ (o-r tex? )de = S93 ht 


= (50.0N / mx? —(233 N / m*yx; + (8000 N/m*)x3 
772 2 2 


a) When x, — 0.050 m , W =0.115J, or 0.12 J to two figures. b) When 

x, = —0.050 m, IF = 0.1737, or 0.17 J to two figures. c) It's easier to stretch the spring; 
the quadratic — bx? term is always in the — x -direction, and so the needed force, and 
hence the needed work, will be less when x, > 0. 


6.69: a) T= may =m = (0.120kg) $7779 = 0.147 N , or 0.15 N to two figures. b) At 


the later radius and speed, the tension is (0.120kg) ER = =9.41N, or 9.4 N to two 
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figures. c) The surface is frictionless and horizontal, so the net work is the work done by 
the cord. For a massless and frictionless cord, this is the same as the work done by the 
person, and is equal to the change in the block's kinetic energy, 

K,- K, = (I/2ym(v — v7) = (1/ 2)0.120kg((2.80 m/s) — (0.70 m/s)*) = 0.441J. Note 
that in this case, the tension cannot be perpendicular to the block's velocity at all times; 
the cord is in the radial direction, and for the radius to change, the block must have some 
non-zero component of velocity in the radial direction. 


6.70: a) This is similar to Problem 6.64, but here œ >0 (the force is repulsive), and 
X, <x,, 80 the work done is again negative; 
W- (4-2). (2.12x10 75 N- m*((0.200m™)- (1.25x10 m !)) 
G Ky, 
-—2.65x10 ^" J. 
Note that x, is so large compared to x that the term T is negligible. Then, using Eq. 


(6.13)) and solving for v, , 


-17 
Y IT (3.00 105 m/s)’ pee ean I FOE aH . —22.41 x10? m/s. 
Y= (1.67x 107 kg) 


b) With X, = 0, W ——K,. Using Wim. 


a 2q (2.12 x10 N- m?) 

K, me (1.67 x10 7 kg (3.00 x 10° m/s) 
c) The repulsive force has done no net work, so the kinetic energy and hence the speed of 
the proton have their original values, and the speed is 3.00x10° m/s. 


6.71: The velocity and d as functions of time are 
vi =— =2at+3 fe’, a(t)=2a+6ft 
a) v(t =4.00s) = 2(0.20 m/s? LA + 30.02 m/s*)(4.00s)’ = 2.56 m/s. 


b) ma = (6.00 kgY2(0.20 m/s?) + 6(0.02 m/s3)(4.00) = 5.28 N. 
c) W = K, - K, = K, = (1/2)(6.00kg)(256 m/s)? =19.7 J. 


6.72: In Eq. (6.14), dj = dx and à —31.0? is constant, and so 
B Dr. 
W = L Feos¢dl = im Fos ¢dx 


= (5.00 N /m^)cos31 e| ae -3.39]. 
The final speed of the object is then 
203.391) 
(0.250 kg) 
SUM, MEIN. 


TN. OM (4.00 m/s s) +——— = 6.57 m/s, 


6.73: a) K,— K, - (122)ym(v] -v,) 
= (1/2)(80.0kg)((1.50 m/s)’ — (5.00 m/s)*) - —910J. 
b) The work done by gravity is -mgh = —(80.0kg)(9.80 m/s^)(5.20m) = —4.08 x10" J, 
so the work done by the rider is -910J— (—4.08x10^ J) 2 3.17 x10 J. 


b b b 
6.74: a) W - | —dx=——___|_ -———— 
) I. x" Cu-2D*"| I 


Note that for this part, for n >1,x™” > 0 as x >. b) When 0 «x <1, the improper 
integral must be used, 


and because the exponent on thex7' is positive, the limit does not exist, and the integral 


diverges. This is interpreted as the force F doing an infinite amount of work, even though 
F —0 as x, — co. 


6.75: Setting the or Lame work done by the spring to the needed (negative) change in 
kinetic energy, 4 kx^ = 1v; , and solving for the spring constant, 


mw  (200kgY0.65m/s)' 


: 2.4. 21.08x 105 N/m. 
x (0.070 m) 


k= 


6.76: a) Equating the work done by the spring to the gain in kinetic energy, 
Lkx; — bmv!, so 


v- jtn- AOI NID e geons ca c8. 
0.0300kg 


b) TF... must now include friction, so mv’ = W,, — ix; — f, where f is the magnitude 
of the p force. Then, 
k 2f 


= my 550010. ng riy e 4.905 
(0.0300 ke) 
c) The greatest speed occurs when the acceleration (and the net force) are zero, or 
k= f, =f-,"i = 0.0150 m. To find the speed, the net work is 


Woa = ik(x; — x )- f(x, — x), so the maximum speed is 
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2f 


cmd -22)- 4 (a, cx) 
mP mm 


x 
| 


= | 400N/m ((0.060m)* — (0.0150m)")— 


2(6.00N) 
(0.0300kg) (0.0300kg) 


= 5.20 m/s, 
which is larger than the result of part (b) but smaller than the result of part (a). 


(0.060m— 0.0150 m) 


6.77: Denote the initial compression of the spring by x and the distance from the initial 
position by Z. Then, the work done by the spring is ti? and the work done by friction is 
— umg(x *- D); this form takes into account the fact that while the spring is compressed, 
the frictional force is still present. (see Problem 6.76). The initial and final kinetic 
energies are both zero, so the net work done is zero, and +x? = 4, mg(x- L). Solving for 
L, 
| (1/2)x* ies (1/2)(250 N/m)(0.250m)* 
Amg (0.30)(2.50 kgy(9.80m/s" ) 
or 0.81 m to two figures. Thus the book moves .81m 4.25 m — 1.06 m, or about 1.1 m. 


L —(0.250m) = 0.813 m, 


6.78: The work done by gravity is W, — —gLsin& (negative since the cat is moving 
up), and the work done by the applied force is EL, where F is the magnitude of the 
applied force. The total work is 

W = (100 N)(2.00 m) — (7.00 ke)(9.80 m/s’ (2.00 m)sin 30? = 131.4J. 


The cat’s initial kinetic energy is zv; = (7.00 kgY(2.40 m/s)! = 20.2 J , and 


-— [o ew) 2020.2 112141) oig 
; m (7.00 ke) 


6.79: In terms of the bumper compression x and the initial speed v,, the necessary 


relations are 
1 1 
lh! => mv, kx«5mg. 
> 9 9 g 


Combining to eliminate & and then x, the two inequalties are 


2 2 
xét. and 3875. 
5g v 
a) Using the given numbers, 


2 
CREER - B:t6ii, 
5(9.80 m/s") 
242 
x «25 00 Eg)O SO m/s ) _1.02%10' N/m. 
(20.0 m/s) 


b) A distance of 8 m is not commonly available as space in which to stop a car. 
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6.80: The students do positive work, and the force that they exert makes an angle of 
30.0? with the direction of motion. Gravity does negative work, and is at an angle of 
60.0? with the chair's motion, so the total work done is 


Wa = ((600 N)cos30.0? — (85.0 kg (9.80 m/s*)cos60.0°)(2.50m) = 257.8 J , and so the 
speed at the top of the ramp is 
, 205781) 8J) 
(85.0 kg) 
Note that extra figures were ae in the intermediate calculation to avoid roundoff error. 


(2.00 m/s)’ + =3.17 m/s. 


6.81: a) At maximum compression, the spring (and hence the block) is not moving, so the 
block has no kinetic energy. Therefore, the work done dy the block is equal to its initial 


kinetic energy, and the maximum compression is found from + kX f tmy, or 


a {> =| 20g eono 
k  ¥500N/m 


b) Solving for v in terms of a known X, 


vss are. eS ee D d 
m 5.00 kg 


6.82: The total work done is the sum of that done by gravity (on the hanging block) and 


that done by friction (on the block on the table). The work done by gravity is (6.00 ke) gZ 
and the work done by friction is — z, (8.00 kg) gz, so 


W, = (6.00 kg —(0.25\(8.00 ke) (9.80 m/s”) (1.50 m) = 58.8 J. 


This work increases the kinetic energy of at blocks; 


i stm + My » > 


= 258.8) = 2.90 m/ S. 
(14.00 ke) 
6.83: See Problem 6.82. Gravity does positive work, while friction does negative work. 
Setting the net (negative) work equal to the (negative) change in kinetic energy, 


50 


1 
(m, — um; )gh = am + mj), 


and solving for 4 gives 
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m + 0/2) n + m) [gh 
Mo 
_ (6.00 kg) + (1/2) (14.00 kg) (0.900 m/s)" /((9.80 m/s?) (2.00 m)) 
E (8.00 kg) 
- 0.79. 


6.84: The arrow will acquire the energy that was used in drawing the bow (ie., the work 
done by the archer), which will be the area under the curve that represents the force as a 
function of distance. One possible way of estimating this work is to approximate the F vs. 
x curve as a parabola which goes to zero at x — 0 and x — x;, and has a maximum of £, 


at x ——, sothat F(x)= E M X06 — x) This may seem like a crude approximation to the 
figure, but it has the iliis "ES of being easy to integrate; 
[a= SN cs Hea x | 2g. 
x2 : XX x Xp 2 3 3^0 


With Æ = 200N and x, — 0.75 m, IF —100 J. The speed of the arrow is then 
JZ - ee, 89 m/s. Other ways of finding the area under the curve in Fig. (6.28) 


should eive similar results. 


6.85: f, =0.25 mg so W, =W a — —(0.25 mg)s, where s is the length of the rough patch. 
Wa = K, -K 
K, = my), K; = $ mv} = 4m(0.45v8) = 0.2025(Lmr§ ) 
The work-energy relation gives — (0.25mg)s = (0.2025 — Dim 
The mass divides out and solving gives s —1.5 m. 


6.86: Your friend's average acceleration is 
v-%»_ 6.00 m/s 2 


Since there are no other horizontal forces acting, the force you exert on her is given by 
FE. = ma = (65.0 ke)(2.00 m/s") =130N 

Her average velocity during your pull is 3.00 m/s, and the distance she travels is thus 9.00 

m. The work you do is Fx = (130 N)(9.00 m) 21170 J , and the average power is 


therefore 1170 J/3.00 s = 390 W. The work can also be calculated as the change in the 
kinetic energy. 
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6.87: a) (800 kgX(9.80 m/s^)(14.0 m) = 1.098 x 10? J, or 1.10» 10? J to three figures. 


b) (1/2)(800 ke)(18.0 m/s?) — 1.30x 10? J. 
5 5 
ð 110x10* J+1.30x10° J _ 3 og pay 
60s 
6.88: 
P= Fy=mav 
= m(2a 4 6£t)(2at + 3t^) 
= m(4a?t4 18aft^ +1882) 


= (0.96 N/s)t + (0.43 Nis? y? + (0.043 Nis). 


At £ — 4005, the power output is 13.5 W. 


6.89: Let ¢ equal the number of seconds she walks every day. Then, 
(280 J/s)t + (100 J/s)(86400 s — 7) 2 1.1x10" J. Solving for z, t= 131115 = 3.6 hours. 


6.90: a) The hummingbird produces energy at a rate of 0.7 J/s to 1.75 J/s. At 
10 beats/s, the bird must expend between 0.07 J/beat and 0.175 J/beat. 
b) The steady output of the athlete is 500 W/70 ke = 7 W/kg, which is below the 
10 W/kg necessary to stay aloft. Though the athlete can expend 
1400 W/70 ke = 20 W/kg for short periods of time, no human-powered aircraft could 


stay aloft for very long. Movies of early attempts at human-powered flight bear out this 
observation. 


6.91: From the chain rule, P = W =4(mgh) = gh, for ideal efficiency. Expressing 
the mass rate in terms of the volume rate and solving gives 


(2000105 W) 


3 
SE al SO e 
(0.92)(9.80 m/s^Y170 m)(1000 kg/m?) sud" 


6.92: a) The power P is related to the speed by Pi — K =4mv’, so v= 4/28. 
dv d |2Pt 2P d 2P ] P 
b —————|———— = 9 uis — —— = —.. 
) 7 ai m Ya Vm OE Y 2mt 


www.FreeLibros.me 


2P pa 2P i 8P 2: 
c == [vdi-.]—[£ arm [PP 2a. [EP 24 
) dc Jv m J m 3 9m 3 


6.93: a) (7500x107 ke^y(1.05x 10^ kg/m^)(9.80 m/s^)(1.63 m)=1.26 «10° J. 
b) (1.26x10? J)(86,400 s) = 1.46 W. 
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6.94: a) The number of cars is the total power available divided by the power needed per 
car, 
13.4x10° W m 
(2.8x10* N)(27 m/s) , 


rounding down to the nearest integer. 
b) To accelerate a total mass M at an acceleration a and speed v, the extra power 
needed is Mav. To climb a hill of angle æ , the extra power needed is Mg sin av. These 


will be nearly the same if a ~ g sina; if g sin æ ~ g tana ~ 0.10 m/s’, the power is 
about the same as that needed to accelerate at 0.10 m/s’. 


C) (1.10 x 10^ kgy(9.80 m/s’ (0.01027 m/s) = 2.9 MW. d) The power per car needed 


is that used in part (a), plus that found in part (c) with M being the mass of a single car. 
The total number of cars is then 


13.4x10° W- 2.910 W E" 
(2.8x10* N + (8.2x10* ke)(9.80 m/s^)(0.010))(27 m/s) 
rounding to the nearest integer. 


^5 


6.95: a) B = Fy = (53x 10° N)(45 m/s) = 2.4 MW. 

b) B = mav = (9.1x10° kg)(1.5 m/s’)(45 m/s) - 61 MW. 

c) Approximating sin a, by tan œ, and using the component of gravity down the 
incline as mg sin a, 
P, = (mg sin æ y = (9.1 x10? keX(9.80 m/s^)(0.015)(45 m/s) = 6.0 MW. 


6.96: a) Along this path, y is constant, and the displacement is parallel to the force, so 
W = ay [xdx = (2.50 N/m^)(3.00 m% = 15.0]. 
b) Since the force has no y-component, no work is done moving in the y-direction. 
c) Along this path, y varies with position along the path, given by y =1.5x, so 
F, - a(1.5x)x — 1.5ox^, and 
(200 my 
3 


W = [Fax = 1.5o [xax =1.5(2.50 N/m?) =10.0J. 


6.97: a) 
P= Fy=(F,, + Fv 
= ((0.0045)(62.0 ke(9.80 m/s’) 
+ (1/2)(1.00)(0.463 m? )(1.2 ke/m*)(1 2.0 m/s)*)(1 2.0 m/s) 
= 513 W. 
www.FreeLibros.me 


b) 
((0.0030)(59.0 kgX 9.80 m/s?) 
+ (1/2)(0.88X(0.366 m^ (1.2 kg/m" )(12.0 m/s) Y12.0 m/s) 
—355 W. 


c) 
((0.0030)(59.0 kg)(9.80 m/s”) 


+ (1/2)(0.88)(0.366 m?)(1.2 kg/m? )(6.0 m/s)? (6.0 m/s) 
=52 W. 


&98:4j — Fem. — — 5er X000 U N: 
" 


b) The speed is lowered by a factor of one-half, and the resisting force is lowered by a 
factor of (0.65 + 0.35/4), and so the power at the lower speed is 


(28.0 kW)(0.50)(0.65 + 0.35/4) = 10.3 kW —13.8 hp. 
c) Similarly, at the higher speed, 


(28.0 kW)(2.0)(0.65 40.35 4) 2114.8 kW —154 hp. 


(8.00 hp)(746 W/hp) 


6.99: a) (60.0 km/h (1 m/sy/((3.6 km/h) 


—358 N. 


b) The extra power needed is 


60.6 km/h... 
mg, = (1800 kg)(9.80 m/s Jena Sin(arctan(1/10)) = 29.3 kW = 39.2 hp, 


tU ms 


so the total power is 47.2 hp. (Note: If the sine of the angle is approximated by the 
tangent, the third place will be different.) c) Similarly, 


60.0 km/h 
3,64 


m/s 


mgv, = (1800 ke)(9.80 m/s?) sin(arctan(0.010))= 2.94 kW =3.94 hp, 


This is the rate at which work is done on the car by gravity. The engine must do work on 
the car at arate of 4.06 hp. d) In this case, approximating the sine of the slope by the 
tangent is appropriate, and the grade is 
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(8.00 hp)(746 W/hp) 


ee — — —]ÓÀ 0501 
(1800 ke)(9.80 m/s^Y(60.0 km/h)((1m/sy/(3.6 km/h)) 


very close to a 2% grade. 


6.100: Use the Work—Enerey Theorem, W = AKE, and integrate to find the work. 


AKE- 0-2 and y = [cme sin œ — umg cos a )dx. 
0 


Then, 


W= -mgf (sin a+ Àx cos ajdx, W = omn ax + E cos «| 
0 


Set W = AKE. 
ÉD o. : ? 
— —mv, = —mpg| sin ax + ——cos a |. 
2 2 


To eliminate x, note that the box comes to a rest when the force of static friction balances 
the component of the weight directed down the plane. So, mg sin a = Ax mg cos a; solve 


this for x and substitute into the previous equation. 


_ Sine 
A cosa’ 
Then, 
sin c 
2 : a À cosg 
z =+g sng SG, 
À cos a 2 
PR 
F : 2 3gsin « : p 
and upon canceling factors and collecting terms, v; =—-————. Or the box will remain 
À cosg 
" 3gsin? a 
stationary whenever v? > -8—— a 
ACOs d 


6.101: a) Denote the position of a piece of the spring by ?; ? — O is the fixed point and 
?=Z is the moving end of the spring. Then the velocity of the point corresponding to 7, 
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denoted x, is u(?)=v+ (when the spring is moving, ? will be a function of time, and so u 
is an implicit function of time). The mass of a piece of length d! is dm — di, and so 


2 
diti eui JAN voy 
2 L 
and 
L 
K= [ak - ia [rar m 
25 s 6 


b) Lx! =L mv’, so v= J(k/m)x = 4(3200N/m)/(0.053 kg) (2.50x 107 m) 2 6.1 m/s.. 
c) With the mass of the spring included, the work that the spring does goes into the 
kinetic energies of both the ball and the spring, so Lx) = tmy’ -LLMY. Solving for v, 


ef ae Lo Rn m) dell nlsi 
m4 M|3 ¥ (0.053 kg) + (0.243 kg)/3 


d) Algebraically, 
2 
1 yp VDE _ 9.403 and 
2 (1+ Af/3m) 
2 
by E c 0.60 J. 
6 (14- 3m/ M) 


6.102: In both cases, a given amount of fuel represents a given amount of work F, that 


the engine does in moving the plane forward against the resisting force. In terms of the 
range R and the (presumed) constant speed v, 

W,-RF- nay +f) 

Vv 

In terms of the time of flight 7, R =vt, so 

W, =vIF «os 

v 

a) Rather than solve for R as a function of v, differentiate the first of these relations with 
respect to v, setting uc 


£= 0. Performing the differentiation, & = 2av— 25 / y! — 0, which is solved for 
1/4 5 24,2 V* 
v= (£) = SIN e = 32.9 m/s - 118 km/h. 
a 0.30 N.s^/m 
b) Similarly, the maximum time is found by setting (Fv) — 0; performing the 
differentiation, 3av’* — &/v? = 0, which is solved for 


yo f 5N. m22 VÀ 
»=(4) : SANI Nun = 25 pà/s = 90 kca/h. 
3a 3(0.30 N- s^/m 


= 0 to obtain # F + RÆ =0. For the maximum range, & = 0, so 
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6.103: a) The walk will take one-fifth of an hour, 12 min. From the graph, the oxygen 
consumption rate appears to be about 12 cm? /kg- min, and so the total energy is 


(12 cm?/ke - min) (70 kg) (12 min) (20J/cm?) = 2.0 10? J. 


b) The run will take 6 min. Using an estimation of the rate from the graph of about 
33 cm? /kg -min gives an energy consumption of about 2.8 x 10? J. c) The run takes 4 


min, and with an estimated rate of about 50 cm? /ke -min, the energy used is about 


2.8x10° J. d) Walking is the most efficient way to go. In general, the point where the 
slope of the line from the origin to the point on the graph is the smallest is the most 
efficient speed; about 5 km/h. 


6.104: From F = mà,F, = ma,,F,=ma, and F, — ma,. The generalization of Eq. (6.11) 
is then 
dv. dv, dv 


{a — V. ,,7V š 


y » dy * dz 


The total work is then 
Waf h^ p de + F dy Feds 


(3,3352) 
= Ar Y, = dx + lja v, 2 gg + [» dv «| 


dy d 
- »( ils 'v,dv, + [ves + [ves } 


* 


1 2 2 2 2 2 2 
= gne — Yu E Vy2 EC Vout F ¥22 — Ya 


1 2 1 2 
— —PmVy,-— —mw. 
2 2 1 


2 
7.1: From Eq. (7.2), 


mgy = (800 kg) (9.80 m/s^) (440 m) 2 3.45 x 105 J=3.45 MI. 


7.2: a)For constant speed, the net force is zero, so the required force is the sack’s 
weight, (5.00 ke)(9.80 mý s’)=49N. b)The lifting force acts in the same direction as the 


sack's motion, so the work is equal to the weight times the distance, 
(49.00 N) (15.0 m) = 735 J; this work becomes potential energy. Note that the result is 


independent of the speed, and that an extra figure was kept in part (b) to avoid roundoff 


error. 
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7.3: In Eq. (7.7), taking A, — 0 (as in Example 6.4) and U, = 0, K, =U, +W ne 
Friction does negative work — fy, so K, = mgy— fy; solving for the speed v,, 


—[ong- fo 2((200 kg) (9.80 m/s) 60N) 3.00). 4 55 m/s 
Ü a (200 kg) l l 


7.4: a) The rope makes an angle of arcsin (392) = 30° with the vertical. The needed 


horizontal force is then wtan 8 = (120 kg) (9.80 m/s’) tan 30°= 679N, or 6.81 0° Nto 
two figures. b) In moving the bag, the rope does no work, so the worker does an amount 
of work equal to the change in potential energy, 

(120 ke) (9.80 m/s?) (6.0 m)(1—cos 309) 2 0.95x 10 J. Note that this is not the product 
of the result of part (a) and the horizontal displacement; the force needed to keep the bag 
in equilibrium varies as the angle is changed. 


7.5: a)In the absence of air resistance, Eq. (7.5) is applicable. With y, — y, = 22.0 m, 
solving for v, gives 


= 
v; = 4v + 2g(y; — yı) = (12.0 m/s) + 2(9.80 m/5^)(22.0 m) = 24.0 m/s. 
b) The result of part (a), and any application of Eq. (7.5), depends only on the 


magnitude of the velocities, not the directions, so the speed is again 24.0 m/s. c) The 


ball thrown upward would be in the air for a longer time and would be slowed more by 
air resistance. 


[s 6: a)(Denote the top of the ramp as point 2.) In Eq. (7.7), 
= 0, F e =-(35N)x (2.5 m)=-87.5 J, and taking U, = 0 and 


sibus (12 kg) (9.80 m/s’) (2.5 m sin 30°) = 147 J, v, = enn. 6.25 m/s, or 


6.3 m/s to two figures. Or, the work done by friction and the change in potential energy 

are both proportional to the distance the crate moves up the ramp, and so the initial speed 

is proportional to the square root of the distance up the ramp; (5.0 m/s) (= = 6.25 m/s. 
b) In part a), we calculated W pa and U,. Using Eq. (7.7), 

K, -1(12 kg) (11.0 m/s)! — 87.5 1-147 J= 491.5 J 


_ Rx, _ frasisn _ 
baa E i} = 9.05 m/s. 


7.7: Asin Example 7.7, K, —0, U, —94 J, and U, = 0. The work done by friction is 
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- (35 N)(1.6m) - —56 J, and so K, = 38 J, and v, — J 1522 = 2.5 m/s. 


7.8: The speed is v and the kinetic energy is 4K. The work done by friction is 
proportional to the normal force, and hence the mass, and so each term in Eq. (7.7) is 
proportional to the total mass of the crate, and the speed at the bottom is the same for any 
mass. The kinetic energy is proportional to the mass, and for the same speed but four 
times the mass, the kinetic energy is quadrupled. 


79: In Eq. (7.7) K =0,,,. is given as — 0.22 J, and taking 
U, 2 0, K, = mgR — 022. J, so 

0.22] 
0.20 ke 


w= oc9800/3") (0500) J- 25s 


7.10: (a) The flea leaves the ground with an upward velocity of 1.3 m/s and then is in 
free-fall with acceleration 9.8 m/s downward. The maximum height it reaches is 


therefore (v? —5,)/2(-g) = 9.0cm. The distance it travels in the first 1.25 ms can be 


ignored. 
(b) 


(210x107 g) (130cm/s)* 


«i 
2 
=18ergs=1.8x10" J 


7.11: Take y=0 at point A. Let point 1 be A and point 2 be B. 
Ki +U, Ww = K, +U, 
U, = 0, U, = mg(2R) = 28,224 J, Wy. = W, 


i jm = 37,5001, K, — 1 mv? — 3840] 


The work - energy relation then givesW, = K,+U,—K, 2 —5400 J. 


7.12: Tarzan is lower than his original height by a distance ?(cos 30 —cos45), so his 


speed is 
v =,/2gi(cos30°—cos 45°) = 7.9 m/s, 


a bit quick for conversation. 
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7.13: a) The force is applied parallel to the ramp, and hence parallel to the oven’s 
motion, and so W = Fs = (110 N) (8.0m) — 880 J. b) Because the applied force F is 
parallel to the ramp, the normal force is just that needed to balance the component of the 
weight perpendicular to the ramp, » = wcos œ, and so the friction force is 
J.= u4mgcosa and the work done by friction is 
W; = —u,mgcosa s = —(0.25) (10.0 kg) (9.80 m/s?) cos 37?(8.0 m) — —157 J, 
keeping an extra figure. c) mgs sin œ= (10.0 ke)(9.80 m/s? X8.0 m)sin37? = 472 J, 
again keeping an extra figure. d) 880 J—472J—157J=251J. e) In the direction up the 
ramp, the net force is 
F — mg sin g — u,mg cos o 
=110N - (10.0 kgX(9.80 m/s’ Xsin 37? + (0.25) cos 37°) 
=31.46N, 
so the acceleration is (31.46 N)/10.0 kg) = 3.15 m/s’. The speed after moving up the 


ramp is v= V2as = 42(3.15 m/s?)(8.0 m) = 7.09 m/s, and the kinetic energy is 


(1/2)mv* = 252 J. (In the above, numerical results of specific parts may differ in the third 
place if extra figures are not kept in the intermediate calculations.) 


7.14: a) At the top of the swing, when the kinetic energy is zero, the potential energy 
(with respect to the bottom of the circular arc) is mgi(1—cos 9), where? is the length of 
the string and @ is the angle the string makes with the vertical. At the bottom of the 
swing, this potential energy has become kinetic energy, so mgi(1—cos@) — imv, or 


v= 42gl(1— cos8) = J2(980 m/s^) (0.80 m) (1— cos 45?) = 2.1m/s. b) At 45? from the 
vertical, the speed is zero, and there is no radial acceleration; the tension is equal to the 
radial component of the weight, or mg cos @ = (0.12 kg) (9.80 m/s’ )cos 45° = 0.83 N. c) 
At the bottom of the circle, the tension is the sum of the weight and the radial 
acceleration, 


mg ^ mvi |? = mg(1+ 2(1— cos 459)) - 1.86 N, 
or 1.9 N to two figures. Note that this method does not use the intermediate calculation of 
v. 


7.35: Of the many ways to find energy in a spring in terms of the force and the 
distance, one way (which avoids the intermediate calculation of the spring constant) is to 
note that the energy is the product of the average force and the distance compressed or 
extended. a) (1/2)(800 N)(0.200 m) 2 80.0 J. b) The potential energy is proportional to 


the square of the compression or extension; (80.0 J) (0.050 m/0.200 m)* = 5.0. 
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716: U= tiy’, where y is the vertical distance the spring is stretched when the weight 
w=mg is suspended. y — ^, and =~, where x and F are the quantities that 
“calibrate” the spring. Combining, 


y -1678 1(600kg) G.S0m/s)Y _ 36 J 
2 Fix 2  (320N/0150m) 


7.17: a) Solving Eq. (7.9) for x,x = JE - oum — 0.063 m. 

b) Denote the initial height of the book as & and the maximum compression of the 
spring by x. The final and initial kinetic energies are zero, and the book is initially a 
height x+ above the point where the spring is maximally compressed. Equating initial 
and final potential energies, ik = mg(x + Å). This is a quadratic in x, the solution to 
which is 


_ (1.20 kg)(9.80 m/s?) TEM 2(1600 N/m) (0.80 m) 
d (1600 N/m) P (1.20 ke) (9.80 m/s?) 
= 0.116 m,—0.101m. 


The second (negative) root is not unphysical, but represents an extension rather than a 
compression of the spring. To two figures, the compression is 0.12 m. 


7.18: a) In going from rest in the slingshot’s pocket to rest at the maximum height, the 
potential energy stored in the rubber band is converted to gravitational potential energy; 
U = mgy = (10x 10? kg)(9.80 m/s’) (22.0 m) = 2.16 J. 

b) Because gravitational potential energy is proportional to mass, the larger pebble 
rises only 8.8 m. 

c) The lack of air resistance and no deformation of the rubber band are two possible 
assumptions. 


7.19: The initial kinetic energy and the kinetic energy of the brick at its greatest height 
are both zero. Equating initial and final potential energies, lk! — mgh, where h is the 
greatest height. Solving for &, 
_ ke — (1800N/m)(0.15m) — i 
2mg  2(1.20kg) (9.80 m/s") 
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7.20: Asin Example 7.8, K, — 0 and U, = 0.02501. For v, = 0.20 m/s, 
K, = 0.0040 J, so U, = 0.0210] - 1 x^, so x= +, ZEI — 10.092 m. In the absence 


5.00 N/m 


of friction, the glider will go through the equilibrium position and pass through 
x= —0.092 m with the same speed, on the opposite side of the equilibrium position. 


7.21: a)Inthis situation, U, = 0 when x —0, so K, = 0.02507 and 
v= [SS = 0.500 m/s. b) If v, = 2.50 m/s, 
K, = (1/2) (0.200 kg)(2.50 m/s)? = 0.625 J=U,, so x, — 4252 — 0.500 m Or, 


5.00 N/m 


because the speed is 5 times that of part (a), the kinetic energy is 25 times that of part (a), 
and the initial extension is 5x 0.100 m — 0.500 m. 


7.22: a) The work done by friction is 
Wi = —H,mgAx = —(0.05) (0.200 kg) (9.80 m/s?) (0.020 m) = —0.00196 J, 


o 


so K, = 0.00704 J and v, = 257772. — 0.27 m/s. b) In this case Wy = —0.0098 J, so 


K, = 0.0250 J — 0.0098 J = 0.0152, and v, = s — 0.39 m/s. 
c) In this case, K, — 0, U, = 0, so 
U, +F w = 0 = 0.02507 — z, (0.200 kg) (9.80 m/s^)x (0.100 m), or p, = 0.13. 


7.23: a)Inthis case, XK, = 625,000] as before, W p — —17,000J and 
U, = (1/2)  mgy, 

= (1/2)0.41x10* N/m) (—1.00 m)" + (2000 kg) (9.80 m/s? ) (—1.00) 

= 50,900 J. 
The kinetic energy is then K, = 625,000 J — 50,900 J —17,000 J = 557,100J, 
corresponding to a speed v, = 23.6 m/s. b) The elevator is moving down, so the friction 
force is up (tending to stop the elevator, which is the idea). The net upward force is then 
-mg + f — kx = —( 2000 ke)(9.80 m/s^)4- 17,000 N — (1.4110? N/m)(-1.00 m) = 138,400 N, 


for an upward acceleration of 69.2 m/ 3°. 


7.24: From ikx! =4my’, the relations between m, v, k and x are 
kx! 2 mv, kx = 5mg. 


Dividing the first by the second gives x — £, and substituting this into the second gives 


k= 2575-, soa) & b), 
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_ 2:50 m/s" 8m 
~ 5(9.80 m/s?) 


iN 
k -25 mec a N/m. 
8 


7.25: a) Gravity does negative work, — (0.75 ke)(9.80 m/s' )16m)--118J. b) 
Gravity does 118 J of positive work. c) Zero d) Conservative; gravity does no net work 
on any complete round trip. 


7.26: a)&b) — (0.050 kg)(9.80 m/s^)(5.0 m) = -2.5 J. 


r 


A 4 


(a) (bj 


C) Gravity is conservative, as the work done to go from one point to another is path- 
independent. 


7.27: a) The displacement is in the y-direction, and since F hasno y-component, the 
work is zero. 
b) 
12 N/m’ 
3 
c) The negative of the answer to part (b), 0.104 m^ d) The work is independent of 
path, and d force is — The corresponding potential energy is 


[ P-af =-12[" xax (x3 — x?) = -0.104. 


7.28: a) From (0, 0) to (0, L), x - 0 and so F =0,, and the work is zero. From (0, L) to 
(L, £), F and df are perpendicular, so F -df = 0. and the net work along this path is 
zero. b) From (0, 0) to (L, 0), #-df =0. From (L, 0) to (L, L), the work is that found in 
the example, W, = CZ’, so the total work along the path is CZ". c) Along the diagonal 
path, x= y, and so F.di- Cy dy; integrating from 0 to Z gives g,. (It is not a 
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coincidence that this is the average to the answers to parts (a) and (b).) d) The work 
depends on path, and the field is not conservative. 


7.29: a) When the book moves to the left, the friction force is to the right, and the work 
is — (1.2 N)(3.0m) = —3.6 J. b) The friction force is now to the left, and the work is again 


—3.6]. c) - 7.2. d) The net work done by friction for the round trip is not zero, and 
friction is not a conservative force. 


7.30: "The friction force has magnitude 47g = (0.20)(30.0k2)(9.80 m/s’) - 58.8 N. a) 
For each part of the move, friction does — (58.8 N)(10.6 m) = —623 J, so the total work 
done by friction is — 1.2 kN. b) — (58.8 NX(15.0m) — —882 N. 
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c) 


The net work done by friction depends on the path, so friction is not a conservative force. 


7.31: The magnitude of the friction force on the book is 
dmg = (0.25X1.5kg)(9.80 m/s?) — 3.68 N. 
a) The work done during each part of the motion is the same, and the total work done 
is — 2(3.68 N)(8.0 m) = —59 J (rounding to two places). b) The magnitude of the 


displacement is 42 (8.0m), so the work done by friction is 


= V2(8.0 m)(3.68 N) =—42N. c) The work is the same both coming and going, 
and the total work done is the same as in part (a), — 59J. d) The work required to 


go from one point to another is not path independent, and the work required for a 
round trip is not zero, so friction is not a conservative force. 


7.33: a)ik(xp- 3x) b)-ik(xj —25) The total work is zero; the spring force is 
conservative c) From x, to x,, W = -ik(x — xj) From x, to x, W = Lk(x; XL). 


The net work is — Lk(x5 - x ). This is the same as the result of part (a). 


7.33: From Eq. (7.17), the force is 


1 
p 


x 


R=- gE 
dx dx 


The minus sign means that the force is attractive. 


dU A )--S 


7.34: From Eq. (7.15), F, = — £& — -4ox* =-(4.8 J/m*)x^, and so 


x 


F,(—0.800 m) = —(4.8 J/m*)(-0.80 my’ = 246N. 


7.435: @=MUx+ky, Z - 2ky 4 Kx and 2 — 0, so from Eq. (7.19), 
F= -Qkx 4 ky)i —(Qky + kj. 
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7.36: From Eq. (7.19), F- -æf T mj since U has no z-dependence. 


gu — E: 2 and B= — 2a 


x = =F, 80 


7.37: a) F,=-Z=104,- ER 


b) Setting F, = 0 and solving for r gives r = (2a/b) ^. This is the minimum of 
potential energy, so the equilibrium is stable. 


c) 
Ufer 
a b 
ab bP p 
"4a! 2a 4a 


To separate the particles means to remove them to zero potential energy, and requires the 
negative of this, or E, — b^/4a. d) The expressions for E, and r, in terms of a and b 
are 


4a 7 p 
Multiplying the first by the second and solving for b gives b= 2E. , and substituting 
this into the first and solving for a gives a = Eri . Using the given numbers, 
a—(1.54x10 7 J0.13x1077? m)" = 668x107" J. m^ 
b -2(154x10 ^ 7)(1.13x10^ m) 2 641x10 ^ J-m*. 
(Note: the numerical value for 2 might not be within the range of standard calculators, 
and the powers of ten may have to be handled seperately.) 
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7.38: a) Considering only forces in the x-direction, F, = — 4, and so the force is zero 


when the slope of the U vs x graph is zero, at points b and d. b) Point b is at a potential 
minimum; to move it away from 5 would require an input of energy, so this point is 
stable. c) Moving away from point d involves a decrease of potential energy, hence an 
increase in kinetic energy, and the marble tends to move further away, and so d is an 
unstable point. 


7.39: | a) At constant speed, the upward force of the three ropes must balance the force, 
so the tension in each is one-third of the man’s weight. The tension in the rope is the 


force he exerts, or (70.0 kg 9.80 m/s^)/3— 229N. b) The man has risen 1.20 m, and so 
the increase in his potential energy is (70.0 kg (9.80 m/s‘ (1.20 m) = 823 J. In moving up 
a given distance, the total length of the rope between the pulleys and the platform 


changes by three times this distance, so the length of rope that passes through the man’s 
hands is 3x1.20m — 3.60 m, and (229 N)(3.6 m) = 824 J. 


7.40: First find the acceleration: 


“= 29-x) 320320m) 
Then, choosing motion in the direction of the more massive block as positive: 
F a = Mg —mg = (Af 4^ m)a- Ma^ ma 
M(g —a)- m(g + a) 
M g-*a (980-375) m/s! - ge 
m g-a (980—3.75) m/s 
M = 2.24m 


Since M +m =15.0kg : 
2.24m 4 m — 15.0 kg 
m = 4.63kg 
M =15.0 kg — 4.63 kg = 104 kg 


7.41: a) K +U +F =K, +U, 
U =U, =K, =0 
Wes = W, -—4,mgs, with s = 280 ft = 85.3 m 
The work-cnergy expression gives tmy — mgs = 0 
y= J24,85 = 22.4 m/s = 50 mph; the driver was speeding. 
b) 15 mph over speed limit so $150 ticket. 
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7.42:  a)Equating the potential energy stored in the spring to the block's kinetic energy, 
Li? = imy, or 
v- [e —,, [S08 NER eil — 1 ifs 
m 2.00 kg 
b) Using energy methods directly, the initial potential energy of the spring is the final 
gravitational potential energy, lk = mgLsin 8, or 
lk 1(400 N/m)(0.220 m)’ 


L- — = —— -— 0.821m. 
mgsin8  (2.00kg)(9.80 m/s )sin 37.0? 


7.43: The initial and final kinetic energies are both zero, so the work done by the spring 


is the negative of the work done by friction, or AX = umgl, where / is the distance the 
block moves. Solving for 4, 
(1/209 — (1/2)(100 N/m)(0.20m)’ 


mgl (0.50 kg )(9.80 m/s (1.00 m) 


7.44: Work done by friction against the crate brings it to a halt: 
fax = potential energy of compressed spring 
360] 
f= 560m 
The friction force working over a 2.00-m distance does work 
fax = (764.29 N)(2.00m) = —128.6 J. The kinetic energy of the crate at this point is thus 
360 J —128.6J = 231.4 J, and its speed is found from 


—64.29N 


2 
228141 


yi 22314) $5.6 m/s 
50.0 ke 
y— 3.04 m/s 


7.45: a) mgh — (0.650keg)(9.80 m/s* 2.50 m) - 15.9J 
b) The second height is 0.75(2.50 m) 2 1.875 m, so second mg —11.9J ; loses 
15.9]—11.9]7 2 4.0J on first bounce. This energy is converted to thermal energy. 
c) The third height is 0.75(1.875 m) — 1.40 m,, so third mgk — 8.9 7; loses 
11.9]—8.9J — 3.0J on second bounce. 
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7.46: a)U,-U,- mg(h-2R)- imy. From previous considerations, the speed at the 
top must be at least X| gR. Thus, 


mg(h —2R)» sme or hà» DR 
b) U; -Uo = (2.50) Rmg = Kz, so 


Vo = ¥G.00) gk = 4(5.00(9.80 m/s" (20.0 m) = 31.3 m/s. 


The radial acceleration is 2,, = x = 49.0 m/ s^. The tangential direction is down, the 
normal force at point C is horizontal, there is no friction, so the only downward force is 
gravity, and a, = g = 9.80 m/s’. 


7.47: | a) Use work-energy relation to find the kinetic energy of the wood as it enters the 
rough bottom: U, = K, gives K, =mgy, = 78.4 J. 


Now apply work-energy relation to the motion along the rough bottom: 
Ki +U, +W re =K +U, 

Was =W, =—pmgs, K, =U =U, 20; K =784J 

78.4 J — u, mgs = 0; solving for s gives s= 20.0 m. 


The wood stops after traveling 20.0 m along the rough bottom. 
b) Friction does — 78.4 J of work. 


7.48: (a) 
KE oim + We = PE 


Top 


pmi — umg cos8d = mgh 


d = h/sin8 
l ; 
= -44,8C080— — = gh 
2 sin 
jo 
lasm/sy —(0.20(9.8 m/s?) 9920", = (9.8 mys* ys 
2 sin 40? 


h=9.3m 
(b) Compare maximum static friction force to the weight component down the plane. 


f, = umg cos 8 = (0.75)(28 kg (9.8 m/s? )cos 40° 
=158N 
mg sin? = (28 kg)(9.8 m/s” \(sin40°)=176N> f, 
so the rock will slide down. 
(c) Use same procedure as (a), with & —9.3m 
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PE... + LA^ x: KE, iom 
mgh — mg cos 8 ——— =— my, 
sinf 2 


vg = 42gh — 2u,ghcos8 /sin 8 =11.8 m/s 


749: a) K +U WALL-E, +U, 

Let point 1 be point À and point 2 be point B. Take y — 0 at point B. 

mgy, +imy, =4mv;, with 2=20.0m and v, 210.0 m/s 

v, = Jd 2gh - 222 m/s 

b) Use K, +U, +P ne = KE, +U with point 1 at B and point 2 where the spring has 
its maximum compression x. 

U,-U,-K,-0; K,=4myj with v, - 222 m/s 

Wu, =W, 4 W, — —umgs ^3 x^, with 5-100 m4 x 

The work-energy relation gives K, + Wp = 0. 

1 


imv — umgs -ikx! =0 


Putting in the numerical values gives x^ + 29.4x — 750 — 0. The positive root to this 
equation is x —16.4 m. 


b) When the spring is compressed x —16.4 m the force it exerts on the stone is 
E, = kx 232.8 N. The maximum possible static friction force is 
max f, = umg = (0.80)(15.0 kg (9.80 m/s’) =118N. 


The spring force is less than the maximum possible static friction force so the stone 
remains at rest. 


7.50: First get speed at the top of the hill for the block to clear the pit. 
E 
y-38 
1 
20m- 508 m/s^y? 
1-205 
40m 


Yy,t2d0m —> Yrop “aig 20 m/s 


Energy conservation: 
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KE, = PE,,.+ KE 


Bottom Top Top 


mi =mght+ imi 


DES ve + 2gh 
= 4(20 m/s)’ + 2(9.8 m/s’ )(70 m) 


=42 m/s 


751: K,+U,4+W,,..=%,+U, 

Point 1 is where he steps off the platform and point 2 is where he is stopped by the 
cord. Let y — 0 atpoint 2. y, =41.0m. W,,..=—+kx*, where x=11.0m is the amount 
the cord is stretched at point 2.The cord does negative work. 

K, = K, =U, =0, so mgy, 11x! =0 and k= 631 N/m. 

Now apply F = Kx to the test pulls: 

F = kx so x= F/k = 0.602 m. 


7.52: For the skier to be moving at no more than 30.0 m/s; his kinetic energy at the 
bottom of the ramp can be no bigger than 
mv.  (85.0kgY30.0 m/s) 
eZ. g `“ 
Friction does — 4000 J of work on him during his run, which means his combined PE 
and KE at the top of the ramp must be no more than 38,250 J + 4000 J = 42,250 J. His KE 
at the top is 


= 38250] 


mv (85.0kg)Q.0 m/s)" 
2 
His PE at the top should thus be no more than 42,250 J —170 J = 42,080 J, which gives a 


height above the bottom of the ramp of 
42,080 J 42,080 J 


mg  (S5.0kgX9.80 m/s") - 


=170J 


7.53: The net work done during the trip down the barrel is the sum of the energy stored 
in the spring, the (negative) work done by friction and the (negative) work done by 


gravity. Using tx? =i(F * [k), the performer's kinetic energy at the top of the barrel is 


(4400 N)* 


$i. CANI 
21100 N/m 


— (40 N)(4.0 m) — (60 kgX9.80 m/s” (2.5 m) = 7.17 x10? J, 
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and his speed is uua - 15.5 m/s. 


7.54: To be at equilibrium at the bottom, with the spring compressed a distance x, the 


spring force must balance the component of the weight down the ramp plus the largest 
value of the static friction, or kx, = wsin@+ f. The work-energy theorem requires that 


the energy stored in the spring is equal to the sum of the work done by friction, the work 
done by gravity and the initial kinetic energy, or 


n =(wsin 8- £)L 4 qm, 


where Z is the total length traveled down the ramp and v is the speed at the top of the 
ramp. With the given parameters, +kx; = 248J and kx, — 1.10x10" N. Solving for k 


gives k = 2440 N/m. 


7.55: The potential energy has decreased by 
(12.0 ke)(9.80 m/s^)(2.00 m)— (4.0 ke) x (9.80 m/s” )(2.00 m) =156.8 J. The kinetic 


energy of the masses is then Zon +m,’ = (8.0kg)v =156.8J, so the common speed is 


= 48 — 4.43 m/s, or 4.4 m/s to two figures. 


7.56: a) The energy stored may be found directly from 
ji = K, + Fpa —mgy, = 625,000 J — 51,000 J — (—58,000 J) = 6.33» 10? J. 


b) Denote the upward distance from point 2 by . The kinetic energy at point 2 and 
at the height & are both zero, so the energy found in part (a) is equal to the negative of the 
work done by gravity and friction, 

— (mg + fk = -((2000 ke(9.80 m/s’) -17,000 N)à = (36,600 N)à, so 


6.33x105 J 
h= Et 
366x10 


the rebound and the point where it next reaches the spring is 
(mg — f (2 — 3.00 m) = 3.72 10* J. Note that on the way down, friction does negative 


work. The speed of the elevator is then JEU. 6.10 m/s. d) When the elevator 


next comes to rest, the total work done by the spring, friction, and gravity must be the 
negative of the kinetic energy K, found in part (c), or 


=17.3m. c) The net work done on the elevator between the highest point of 


K, =3.72x10* J=-(mg — fx, + sh = —(2,600 N)x, + (7.03x10* N/m)x?. 
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(In this calculation, the value of & was recalculated to obtain better precision.) This is 
a quadratic in x, , the positive solution to which is 
- 1 
^5 20.03x10* N/m) 


x b 6010" N--4(2.60x 10? N)? + 4(7.03 x 10* N/m)(3.72 x 10* 5| 


— 0.746 m, 


corresponding to a force of 1.05 x 10? N and a stored energy of 3.91» 10* J. It should be 


noted that different ways of rounding the numbers in the intermediate calculations may 
give different answers. 


7.57: The two design conditions are expressed algebraically as 

ky = f + mg =3.66 x10* N (the condition that the elevator remains at rest when the 
spring is compressed a distance y; y will be taken as positive) and 

Lmv. +mgy — fy = Ll! (the condition that the change in energy is the work 


Wa =—fv). Eliminating y in favor of k by y=*“"™ leads to 


2 k n 
4 4 
ict pe E 


k 


This is actually not hard to solve for k= 919 N/m, and the corresponding x is 39.8 m. 


This is a very weak spring constant, and would require a space below the operating range 
of the elevator about four floors deep, which is not reasonable. b) At the lowest point, the 
spring exerts an upward force of magnitude f + mg. Just before the elevator stops, 
however, the friction force is also directed upward, so the net force is 


(fimg)+ f mg -2f , and the upward acceleration is i. 17.0 m/s? ; 
7.58: One mass rises while the other falls, so the net loss of potential energy is 
(0.5000 kg — 0.2000 kg )(9.80 m/s?°X(0.400 m) = 1.176 J. 


This is the sum of the kinetic energies of the animals. If the animals are equidistant from 
the center, they have the same speed, so the kinetic energy of the combination is imav ; 


and 
ge d IRURE. a a nic 
(0.7000 ke) 
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7.59: a) The kinetic energy of the potato is the work done by gravity (or the potential 


energy lost), 4mv^ = mgl, or v= j2g/ = 42(9.80 m/s’ 2.50 m) = 7.00 m/s. 


b) 


T—-mg- m= amg, 
so T = 3mg = 3(0.100 ke)(9.80 m/s’) — 2.94 N. 


7.60: a) The change in total energy is the work done by the air, 


(1 
(K,+U,)-—(K,+U,)=m ric Des) 


(1/2) (08.6 m/s)! — (30.0 m/s)? 
— (40.0 m/s)^) + (9.80 m/s^)(53.6 m) 


- (0.145 «| 
= —80.0 J. 


b) Similarly, 
(1/2)((11.9 m/s)! + (-28.7 m/s) 
K,U,) - (K, +U,) = (0.145 k 
i, i ie o| poem conn. NN 
2-232133 


c) The ball is moving slower on the way down, and does not go as far (in the x-direction), 
and so the work done by the air is smaller in magnitude. 


7.61: a) Fora friction force f, the total work done sliding down the pole is mgd — fd . 
This is given as being equal to mgh, and solving for f gives 


(d —h) h 
- = mg|1-— |. 
f-mg j mg l= 
When A — d, f — 0, as expected, and when 2 = 0, f = mg ; there is no net force on the 
fireman. b) (75 kg)(9.80 m/s^)(1—299) - 441 N. c) The net work done is 


2.5m 


(mg — f Xd — y), and this must be equal to tmy’ . Using the above expression for f, 
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1 V TT = 
jm - (mg — fX(d — y) 


-mg \e- y) 


= meh -— z) 


from which v = J2gh(l — y/d) . When y=0 v- J2gk , which is the original condition. 
When y ^d, v=0; the fireman is at the top of the pole. 


7.62: a) The skier's kinetic energy at the bottom can be found from the potential energy 
at the top minus the work done by friction, 
K, = mgh —W. = (60.0 kg)(9.8 N/kg)(65.0 m)—10.500 J, or 
K, = 38,200 J —10,500 J = 27,720 J. Then v, = J2& = [257203 — 30.4 m/s. 

b) K, +K, - (W. + W,) = 27,720 J — (umgd + fad), K, = 27,720 J — ((.2)(588 N)x 
(82 m)-- (160 N\(82 m)], , or K, = 27,720 J— 22,763 J= 4957 J. Then, 


n=- E D 3085 infant On. 


c) Use the Work-Energy Theorem to find the force. W = AKE, 
F = KE/d = (4957 J)/(2.5 m) 2 1983 N = 2000 N. 


7.63: The skier is subject to both gravity and a normal force; it is the normal force that 
causes her to go in a circle, and when she leaves the hill, the normal force vanishes. The 
vanishing of the normal force is the condition that determines when she will leave the 
hill. As the normal force approaches zero, the necessary (inward) radial force is the radial 


component of gravity, or mv? | R-mgcosa, where R is the radius of the snowball. The 
speed is found from conservation of energy; at an angle œ, she has descended a vertical 
distance R(1—cosa),s0o tmy? = mgR(l — cos a), or v^ = 2gR(1— cosa). Using this in 


the previous relation gives 2(1— cos œ) = cosa, or a= arccos 2) = 48.2?. This result 


does not depend on the skier's mass, the radius of the snowball, or g. 


7.64: Ifthe speed of the rock at the top is v, then conservation of energy gives the 
speed v, from L mv; — Lmv, + mg(2R), R being the radius of the circle, and so 
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vy = v? + AgR . The tension at the top and bottom are found from 7, + mg = m and 


T, -mg =, so 7,—- 1, - 2 (vi -v )+2mg = 6mg = 6w. 


7.65: a) The magnitude of the work done by friction is the kinetic energy of the 
package at point B, or 44 mgL = 5 mv; , or 
2 2 


gL (9.80 m/s^y3.00 m) 


b) 
Wis -K,-U, 


= 1 (0.200 ke)(4.80 m/s)’ — (0.200 ke)(9.80 m/s’)(1.60 m) 
z—0832 


Equivalently, since & , =K, —0, U , +W +F =0, or 
W,,-—-—U,-W,.-mg(-(1.60 m) —(0.300)(-3.00 m)) = —0.832 J. 


7.66: Denote the distance the truck moves up the ramp by x. K, 2 4mv; , 
U, = mgLsing, K, =0, U, = mgxsin f and Wore — —4,mgxcos f£. From 
Wre = (K, -U,) - CK, +U), and solving for x, 
K +mgLsing (v3 /2g)+Lsina 
~ me(sin B+ 4i cos f) F sin f+ 4 cosf ` 


7.67: a) Taking U(0)=0, 
U(x) = | Fd = Fad + Ey = (30.0 N/m)x’ + (6.00 N/m’ yc". 


b) 
K, -U, -U, 


= ((30.0 N/m)(1.00 m) + (6.00 N/m^)(1.00 m)*) 
— (30.0 N/m)(0.50 m)? + (6.00 N/m^)(0.50 m) 
= 27.15 1, 


— fors». 
and so v, = Ji? = 7.83 m/s. 


7.68: The force increases both the gravitational potential energy of the block and the 


potential energy of the spring. If the block is moved slowly, the kinetic energy can be 
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taken as constant, so the work done by the force is the increase in potential energy, 
AU = mgasin 8 + 1k(a8)'. 


7.69: With U, —0, K, 20, K,=4mv; =U, = 1 kx? + mgh , and solving for v, , 
SA i 2 
vj = =+ 2gh = 200 NURINOOS H 2(9.80 m/s^)(1.20 m) = 7.01 m/s 
(0.150 kg) 


7.70: a) In this problem, use of algebra avoids the intermediate calculation of the spring 
constant k. If the original height is # and the maximum compression of the spring is d, 
then mg(h 4 d) - 1 kd^. The speed needed is when the spring is compressed $, and from 
conservation of energy, mg(k+ d/2)—+k(d/ 2)? = tmy? . Substituting for k in terms of 
hd, 


which simplifies to 


Insertion of numerical values gives v — 6.14 m/s. b) If the spring is compressed a 
distance x, 4kx* = mgx , or x = ?"* , Using the expression from part (a) that gives k in 
terms of # and d, 

d? d? 


— -= = 0.0210 m. 
2mg(h--d) hd 


x —(2mg) 


7.71: The first condition, that the maximum height above the release point is #, is 
expressed as Lx! = mgh. The magnitude of the acceleration is largest when the spring is 
compressed to a distance x; at this point the net upward force is kx — mg = ma, so the 
second condition is expressed as x — (m/k)(g +a). a) Substituting the second expression 
into the first gives 


m(g- a) 
lg +a) —mgh, or k-——9———,. 
3 E Je a) =mgh, 2gh 


ES 


b) Substituting this into the expression for x gives x = 
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7.73: Following the hint, the force constant k is found from w= mg = kd , or 


a 
=>. 


When the fish falls from rest, its gravitational potential wd decreases by mgy; this 
becomes the potential energy of the spring, which is 1 xy^ — 1"* y^ , Equating these, 


1 mg 

——-y' —mgy, or = 2d. 

2 d y &Y y 
9.73: a) Aa, = O'r err = (o! — of )r 


b) From the above, 


/22A8 — 205. rad) 


c) Similar to the derivation of part (a), 


AK = Zel- THE Sla2aoy = Io.A0. 


d) Using the result of part (c), 


7.74: 


AK — (45.0 1— 20.0) 


€ — UMS 2 M 
GAO  ((2.00m/s^)/(0.250 m)X15.0 rad) 


a) From either energy or force considerations, the speed before the block hits the 


spring is 


= J2gL(sin 8 — 4, cos?) 
= 42(9.80 m/s*)(4.00 m)(sin 53.1? — (0.20)cos 53.19) 


- 730 m/s. 


b) This does require energy considerations; the combined work done by gravity and 
friction is mg(L-- d)(sin& — 4, cos 8) , and the potential energy of the spring is bkd’ à 
where d is the maximum compression of the spring. This is a quadratic in d, which can be 
written as 


d k 


— d- L=l. 
2mgísin 8 — 4, cos 8) 
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The factor multiplying d^ is 4.504 m ! , and use of the quadratic formula gives 
d —1.06 m. c) The easy thing to do here is to recognize that the presence of the spring 


determines d, but at the end of the motion the spring has no potential energy, and the 
distance below the starting point is determined solely by how much energy has been lost 
to friction. If the block ends up a distance y below the starting point, then the block has 
moved a distance L+ d down the incline and £+ d — y up the incline. The magnitude of 


the friction force is the same in both directions, 447g cos 9 , and so the work done by 
friction is — 44 (2L + 2d — y)mg cos 8 . This must be equal to the change in gravitational 
potential energy, which is — mgy sin 6 . Equating these and solving for y gives 

yep AU eer adj cR 
sin 8 + 4, cos 8 tan 8 + t, 
Using the value of d found in part (b) and the given values for 44, and @ gives 
y-1.32 m. 


7.75: a) K, =W -U, = (20.0 N)(0.25 m) (1/240.0 N/mY.25 m)? = 3.75 J, 


2(3.75 1) 
0.500 kg 


80 v, = 


— 3.87 m/s, or 39 m/s to two figures. b) At this point (point C), 


Ko =0,andso Uc = Waa and x, = Al aom =—0.50 m (the minus sign denotes a 
displacement to the left in Fig. (7.65)), which is 0.10 m from the wall. 


7.76: "The kinetic energy K' after moving up the ramp the distance s will be the energy 
initially stored in the spring, plus the (negative) work done by gravity and friction, or 


Ke Pie —mg(sin a + 4, cos @)s. 


Minimizing the speed is equivalent to minimizing K’, and differentiating the above 
expression with respect to œ and setting 4€ — 0 gives 
0 — —mgs(cosa — 4, sin a), 


or tan g= d. „g= acan +), Pushing the box straight up (œ = 90°) maximizes the 
Hy 


vertical displacement #, but not s = &/sin. 


7.77: Let x, 2 0.18 m, x, — 0.71 m. The spring constants (assumed identical) are then 


known in terms of the unknown weight w, 4kx, = w. The speed of the brother at a given 
height 4 above the point of maximum compression is then found from 


1 2 l|w 2 

—(Ak)x; =—| — |v’ + mgh, 
a. m vx 
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or 


w X, 


NOT (£- EJ 


80 v— (9.80 m/s*)((0.71 m)? /(0.18 m) —2(0.90 m)) = 3.13 m/s, or 3.1 m/s to two 
figures. b) Setting v= 0 and solving for 2, 


or 1.4 m to two figures. c) No; thedistance x, will be different, and the ratio 
auc comer - „(1+ a zi will be different. Note that on a small planet, with lower g, 


ké] 


x will tie smaller and & will be larger. 


7.78: a) a, = d’x/dt? =x, F,=ma,=—m gx 
a,=d *y/ dt? =+afy= a i » = ma, ——m ay 
b) U=-[] Feat | Edy) md | ute [vive mad (a? y^ 


c) 
v, = dx/di = —x, @ sin ay = —x, ea (y/ yo) 


v, 7 dyj di =+y,@, cos at = yy alx x) 
(i) When x= X, and y-0, v = and v, = Vp 


K=Fm(vi evo mye, U - bmx: and E-K&U =< med (ai + 9$) 
(ii) When x = 0 and y= y}, v, =—-x,@ and v, = 0 
= x dad, U - Lob and E= KU =— meh (x3 4 yg) 


Note that the total energy is the same. 


7.79: a) The mechanical energy increase of the car is 
K,- K, 2 1(0500 kg)(37 m/s)’ 21.027 x10° J. 
Let c be the number of gallons of gasoline consumed. 
e(1.3x10° J\(0.15)=1.027 x10° J 
& = 0.053 gallons 


b) (1.00 gallons)/a@ =19 accelerations 
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7.80: (a) Stored energy = mgh = (pV )gh = pA m)gk 
= (1000 ke /m^)(3.0x10* m°) my(9.82)(150 m) 
- 44x10" J. 


(b) 90% of the stored energy is converted to electrical energy, so 


(0.90) (mgk) — 1000 kW h 
(0.90)9V gk 21000 kW h 
"T" (1000 kW h) (=) 
(0.90)(1000 ke /m?) (150 m) (9.8 m/s?) 
=27x10 m? 


Change in level of the lake: 
AAh = V, e 


V 2.7x10 m? 


7.81: The potential energy of a horizontal layer of thickness dy, area A, and height y is 
dU = (dm)gy. Let p be the density of water. 


dm = pdV = på dy, so dU = págy dy. 
The total potential energy U is 


^ ^ 2 
U = [aU = ade|, ydy - 4 os. 
4—3.0x10* m* and à 2 150 m, so U =3.3x10" J2 92x10" kWh. 


7.82: a) Yes; rather than considering arbitrary paths, consider that 


b) No; consider the same path as in Example 7.13 (the field is not the same). For this 
force, F — 0 along Leg 1, F.di =0 along legs 2 and 4, but F -di #0 along Leg 3. 


7.83: a) Along this line, x = y ,so F -df = —ay dy , and 
? a 
i Edy== (y4 yf) - -50.6 1. 
» 4 
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b) Along the first leg, dy = 0 and so F -df = 0. Along the second leg, x = 3.00 m, 
so F, =—(7.50 N/m^)y^, and 


[7 Edy = -t1.5/3 N/m*)62 - yè) - -67.5 J 
c) The work done depends on the path, and the force is not conservative. 


7.84: a) 


SiE: 


b) (1): x= 0 along this leg, so F - 0 and W - 0. (2): Along this leg, y =1.50 m, so 
F.di = (3.00 N/m)xdx , and W = (1.50 N/my((1.50 m) —0)2 3.38 J (3) F-di =0,s0 
W=0 (4) y-0,so F = 0 and W = 0. The work done in moving around the closed path 


is 3.38 J. c) The work done in moving around a closed path is not zero, and the force is 
not conservative. 


7.85: a) For the given proposed potential U(x), — 44 =—kx + F , so this is a possible 
potential function. For this potential, U(0) =- F’ y 2k , not zero. Setting the zero of 
potential is equivalent to adding a constant to the potential; any additive constant will not 
change the derivative, and will correspond to the same force. b) At equilibrium, the force 
is zero; solving — Ax + F =0 for x gives x, = F/k. U(x,)= -F'ik , and this is a 
minimum of U, and hence a stable point. 


c) 


= =e t 


d) No; £,, = 0 at only one point, and this is a stable point. e) The extreme values of x 
correspond to zero velocity, hence zero kinetic energy, so U(x,) = E, where x, are the 
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extreme points of the motion. Rather than solve a quadratic, note that 
Lk(x— F/k) — F^[k, so U(x,)- E becomes 


2 k 
M 
k k 
s di. x. <li 
k k 


f) The maximum kinetic energy occurs when U(x) is a minimum, the point x, = F/k 
found in part (b). At this point K = E-U = (F^/k) - (- F?/k) - 2F?/k , so 


v2 2F/ A mk . 


7.86: a) The slope of the U vs. x curve is negative at point 4, so F, is positive (Eq. 


(7.17)). b) The slope of the curve at point B is positive, so the force is negative. c) The 
kinetic energy is a maximum when the potential energy is a minimum, and that figures to 
be at around 0.75 m. d) The curve at point C looks pretty close to flat, so the force is 
zero. e) The object had zero kinetic energy at point 4, and in order to reach a point with 
more potential energy than U (4), the kinetic energy would need to be negative. Kinetic 
energy is never negative, so the object can never be at any point where the potential 
energy is larger than U( 4). On the graph, that looks to be at about 2.2 m. f) The point of 
minimum potential (found in part (c)) is a stable point, as is the relative minimum near 
1.9 m. g) The only potential maximum, and hence the only point of unstable equilibrium, 
is at point C. 


7.87: a)Eliminating f in favor of @ and x,(f = a@/x,), 


a m Gi a o wx * f 
so-3--33-2-3/5]-] 
X x Xo X Xg X Xg X X 


U(x,)- 5 (1-1) = 0. U(x) is positive for x « x, and negative for x >x, (a and £ 


must be taken as positive). 


www.FreeLibros.me 


b) 
v(x) = A = 


The proton moves in the positive x-direction, speeding up until it reaches a maximum 
speed (see part (c)), and then slows down, although it never stops. The minus sign in the 
square root in the expression for wx) indicates that the particle will be found only in the 


region where U < 0, that is, x > xj. 


c) The maximum speed corresponds to the maximum kinetic energy, and hence the 
minimum potential energy. This minimum occurs when “2 = 0, or 


i-a e (8) un 


which has the solution x = 2x, . U(2x,)=— 4;, 80 v= 


A d) The maximum speed 
occurs at a point where Æ = 0, and from Eq. (7.15), the force at this ES iszero. e) 


x, = 3x,, and U(3x,) - - 2 &;v(x) = J£ (U (xj) - U(x)) = ee ae 


33 


2s (=)_ (=) — 2/9). The particle is confined to the region where U(x) < U(x). The 


maximum speed still occurs at x = 2x, , but now the particle will oscillate between x, 
and some minimum value (see part (f)). f) Note that U(x)— U(x,) can be written as 


s) GSC HT HI. 
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which is zero (and hence the kinetic energy is zero) at x = 3x, = x, and x — 2 x;. Thus, 
when the particle is released from x, , it goes on to infinity, and doesn't reach any 
maximum distance. When released from x , it oscillates between 2x; and 3x. 
8.1: a) (10,000 ke)(12.0 m/s) 21.20 10? ke - m/s. 

b) (i) Five times the speed, 60.0 m/s. (ii) 45 (12.0 m/s)- 26.8 m/s. 


8.2: See Exercise 8.3 (a); the iceboats have the same kinetic energy, so the boat with the 
larger mass has the larger magnitude of momentum by a factor of JQmy (m) = A 


2.2 
8.3: a) Ecl Qimv sL 
2 2 m 2 


HD m 

po He 
baseball has the greater momentum; (Pys / Pru )= /0.040/0.145 = 0.525. From the result 
of part (b), for the same momentum Km, = K m, 50 K w, = K,w,; the woman, with the 
smaller weight, has the larger kinetic energy. (K „an / K yom )= 450/700 = 0.643. 


b) From the result of part (a), for the same kinetic energy, , 50 the larger mass 


8.4: From Eq. (8.2), 


p, = my, = (0.420 kg) (4.50 m/s)cos 20.09 = 1.78 kg m/s 
p, = mv, = (0.420 kg (4.50 m/s )sin 20.0? = 0.646 ke m/s. 


8.5: The y-component of the total momentum is 
(0.145kg)(1.30 m/s)+ (0.0570 kg)(— 7.80 m/s )=—0.256 kg - m/s. 


This quantity is negative, so the total momentum of the system is in the — y -direction. 


8.6: From Eq. (8.2), p, — (0.145 kg) (7.00 m/s) —1.015 kg - m/s, and 
p, = (0.045 kg (9.00 m/s)= 0.405 kg - m/s, so the total momentum has magnitude 


p- RS +p = Jt- 0.405 kg - m/s)’ + (- 1.015 kg - m/s)" = 1.09 kg m/s, 
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and is at an angle arctan p )= —68? , using the value of the arctangent function in the 
fourth quadrant (p, >O,p, < 0) 


8.7; 22 = C400) L 563 N. The weight of the ball is less than half a newton, so the 


200x107? s 
weight is not significant while the ball and club are in contact. 


8.8: a) The magnitude of the velocity has changed by 
(45.0 mjs)— (— 55.0 m/s)= 100.0 m/s, 


and so the magnitude of the change of momentum 

is (0.145 kg) (100.0 m/s) 214.500 kg m/s, to three figures. This is also the magnitude of 
the impulse. b) From Eq. (8.8), the magnitude of the average applied force is 

iens —7,25x10^ N. 


200x107*s 


8.9: a) Considering the +x-components, 
Py = pi + -(0.16kg)(3.00 m/s) + (25.0 N) x (0.05 s) 21.73 kg - m/s,and the velocity is 
10.8 m/s in the +x-direction. b) p, = 0.48 kg-m/s+ (-12.0 N)(0.05 s)= —0.12 


kg - m/s, and the velocity is +0.75 m/s in the —-direction. 


8.10: a) F :-(1.04 x10? kg m/s) . b) (1.04x 10? kg- m/s)j. 
c) ete) $— (1.10 m/s)j. d) The initial velocity of the shuttle is not known; the 


change in the square of the speed is not the square of the change of the speed. 


8.11: a) With ż = 0, 
J, =|" F, àt- (080x10" N/sy; — (2.00x10° N/s*y, 


which is 18.8 kg - m/s, and so the impulse delivered between ¢=0 and 
t, = 2.50x10^sis (18.8 kg- m/s). b) 
J, = (0.145 kg) (9.80 m/s” )(2.50x 107s), and the impulse is 
A J 
(=3.55x 10° kg - m/s) j ME LL 10^ N, so the average force is 


2 


(7.52x 10 Ny. 
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d) $; = f, +j 
= —(0.145kgX(40.0f + 5.0j)m/s + (18.8f—3.55x10° j) 
= (13.0 kg.m/s)}f — (0.73 keg.m/s) j. 


The velocity is the momentum divided by the mass, or (89.7 m/s) 
i — (5.0m/s)j. 


8.12: The change in the ball’s momentum in the x-direction (taken to be 
positive to the right) is 

(0.145 kg) (—(65.0 m/s) cos 30° — 50.0m/s) = —15.41 kg- m/s, so the x- 
component of the average force is 


— ia ke tS __eawso Ny, 
1.75x1075 


and the y-component of the force is 


(0.145kg(65.0 m/s) sin 30° 


= 22x10 N. 
(1.75x1075) 


8.13: a) J =|" Fat = A(t, -t +5 =#), 
f 


orJ-4t-«(Bi3)ift, 2-0. b) v2—-—-—t4 —15. 
m m 


8.14: The impluse imparted to the player is opposite in direction but of 
the same magnitude as that imparted to the puck, so the player's speed is 


(Ql6kgi(200m/s) — . . : 5 " 
Use ~~ 27 cm/s, in the direction opposite to the puck's. 


8.15: a) You and the snowball now share the momentum of the snowball 
when thrown so your speed is EAD — 5.68cm/s. b) The change in 
the snowball's momentum is (0.400 kg) (18.0 m/s) = 7.20 kg - m/s), so 


your speed is 57:55 — 10.3 cm/s. 


8.16: a) The final momentum is ; 
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(0.250 kg(-0.120 m/s) + (0.350)(0.650 m/s) = 0.1975 kg - m/s, 


taking positive directions to the right. a) Before the collision, puck B was 
at rest, so all of the momentum is due to puck 4’s motion, and 


b) AK = K,-K, = aan + = cd 


= (0250 kg) (-0.120 m/s)? *(0350 kg)(0.650 m/s) 


s 5(0250 ke (-0.7900 m/s) 
— —0.0023 J 


8.17: The change in velocity is the negative of the change in Gretzky’s 
momentum, divided by the defender’s mass, or 


Ma 
=va ——* (ao Ya) 
B 


- —5.00 m/s — 
— 4.66 m/s. 


Yao 


756N 
900 N 


(1.50m/s —13.0 m/s) 


Positive velocities are in Gretzky's original direction of motion, so the 
defender has changed direction. 


1 1 
b) &;-K,- 24 (vis — và) enam -va) 
" 1 (756 N)((1.50 m/s)* — (13.0 m/s)?) 
— 2(980m/s)| + (900 N)((4.66 m/s) — (-5.00 m/s)*) 


— —6.58 kJ. 


8.18: Take the direction of the bullet's motion to be the positive direction. The total 
momentum of the bullet, rifle, and gas must be zero, so 


(0.00720 ke )(601 m/s —1.85 m/s) 4- (2.80 kg)(- 1.85 m/s) + p,,, = 0, 
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and p,, = 0.866 kg. m/s.Note that the speed of the bullet is found by subtracting 
the speed of the rifle from the speed of the bullet relative to the rifle. 


8.19: a) See Exercise 8.21; v, — Gee yo.so0 m/s) = 3.60 m/s. 


b) (1/2) (1.00 kg) (3.60 m/s)? + (1/ 2)(3.00 kg 1.200 m/s)? — 8.64 J. 


8.20: In the absence of friction, the horizontal component of the hat-plus-adversary 


system is conserved, and the recoil speed is 


(4.50 kg(22.0 m/s) cos 36.9? 


= 0.66 m/s. 
(120kg) 


8.21: a) Taking v , and v, to be magnitudes, conservation of momentum is 


m, 
expressed as miva —mgvg, 80 Vz = ——v,. 
B 
2 
b) Ka (/2m,v, " mv. _ Ms 


K, (Xm mama! mW) m, 


(This result may be obtained using the result of Exercise 8.3.) 


8.22: 
4 Po decay: "Po —5*a4 7 X 
1 2 
Setv, : KE, = mee 
[2KE, 
v =, ~ 
m. 
-12 
-,12023x10 7D _ 99810" nis 
6.65x10- kg 
Momentum conservation: 
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(665x107 kg)(1.92x 10" m/s) 
(210)0.67 x10” kg) 
= 3.65x10? m/s 


8.23: Let the +x-direction be horizontal, along the direction the rock is thrown. 
There is no net horizontal force, so P, is constant. Let object 4 be you and object B 
be the rock. 


Q0 — —m v, +MY p cos 35.0? 


| mv, C0835.0? 


va - 2.11 ms 


m, 


8.24: Let Rebecca's original direction of motion be the x-direction. a) From 
conservation of the x-component of momentum, 


(45.0 kg)(13.0 m/s) = (45.0 kg(8.0 m/s)cos 53.19 + (65.0 kg)v,, 


So v, = 5.67 m/s. If Rebecca’s final motion is taken to have a positive 
y -component, then 


_ _ (45.0 kg)(8.0 m/s)sin 53.1? 


= —4.43 m/s. 
" (65.0kg) 


Daniel's final speed is 


I *Y. (5.67 m/s)? + (4.42 m/s)? = 7.20 m/s, 


and his direction is arctan (+42)=~38° from the x-axis, which is 91.1? from the 
direction of Rebecca’s final motion. 


b) AK = 545.0 kg) (8.0 m/s)? «(65.0 ke) (7.195 m/s) -5450) (13.0 m/s)’ 
— —680 J. 
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Note that an extra figure was kept in the intermediate calculation. 


8.25: (my, + Me, )(3.00 m/s) = mein (4.00 m/s) - Men (2.25 m/s), so 


ma,  G.O0m/s) - Q.25mjs) _ 
ma.  (4.00m/s)—3.00m/s) N 


and Kim weighs (0.750)(700 N) = 525 N. 


8.26: The original momentum is (24,000 ke)(4.00 m/s) = 9.60 10* kg m/s, the 
final mass is 24,000 ke + 3000 ke = 27,000 ke, and so the final speed is 


9.60 x 10* kg- m/s 


: = 3.56 m/s. 
2.70 10^ kg 


8.27: Denote the final speeds as v, and v, and the initial speed of puck 4 as v,, and 
omit the common mass. Then, the condition for conservation of momentum is 


vy = v, €0830.0° + v, cos 45.0° 


0 — v,sin 30.0? — v, sin 45.0". 


The 45.0? angle simplifies the algebra, in that sin 45.0? = cos 45.0?, and so the 
vy, terms cancel when the equations are added, giving 


Y, a — = 29.3m/s 
cos 30.0? 4- sin 30.0? 
From the second equation, v, — + = 20.7 m/s. b) Again neglecting the common mass, 


K, _ 4/204 +v) _ 29.3m/s)' + (20.7 m/s)" _ 9 oo, 
K gx (40.0 m/s)" dea. 


so 19.6% of the original energy is dissipated. 
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8.28: a) From mv, 4 mv, = my mv = (m, +m, M, V = m Taking positive 
velocities to the right, v, = —3.00.m/s and v, — 1.20 m/s, so v — —1.60 m/s. 
b) AK = (0.500 kg + 0.250 ke —1.60 m/s) 


= 50.500 kg)(-3.00 m/s) -70.250 kg)(1.20 m/s) 
--147]. 


8.29: For the truck, M = 6320 kg, and V —10 m/s, for the car, m=1050ke and 
v= -15m/s (the negative sign indicates a westbound direction). 


a) Conservation of momentum requires (M + m)v'= MV + mv , or 


jp EE ESL Ue OSU cao ciuis 


(6320 kg + 1050kg) 
o yc. = (1050ke)(—15 m/s) _ 2.5 m/s 
M 6320 k 


c) AKE = —281 kJ for part (a) and AXE — —138 kJ for part (b). 


8.30: Take north to be the x-direction and east to be the y-direction (these choices are 
arbitrary). Then, the final momentum is the same as the intial momentum (for a 
sufficiently muddy field), and the velocity components are 


" - AIOE mS). 9 rs 
(195 kg) i 
„ G5 kg)C-2 mys) zaini, 


y 
(195k 
The magnitude of the velocity is then (5.0 m/s)^ -- (3.1 m/s)! = 5.9 m/s, atan angle or 


arctan (31) 32° east of north. 


8.31: Use conservation of the horizontal component of momentum to find the velocity of 
the combined object after the collision. Let +x be south. 
P, is constant gives 


x 
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(0.250 kg)(0.200 m/s) — (0.150 kg)(0.600s) = (0.400 kg), 
v, ^ —10.0 cm/s (v, — 10.0 cm/s , north) 

K, = 1(0.250 kg (0.200 s) + 1(0.150 kg)(0.6005)* = 0.0320 J 
K, = 1(0.400 kg(0.100 s) = 0.0020 J 

AK = K, — K, = —0.0300J 


Kinetic energy is converted to thermal energy due to work done by 
nonconservative forces during the collision. 


8.32: (a) Momentum conservation tells us that both cars have the same change in 
momentum, but the smaller car has a greater velocity change because it has a smaller 
mass. 


MAV =mAv 
M 
Av (smallcar) - — ^A (largecar) 
m 


3000kg 
1200 kg 


AV —2.5AV (large car) 


(b) The occupants of the small car experience 2.5 times the velocity change of 
those in the large car, so they also experience 2.5 times the acceleration. Therefore they 
feel 2.5 times the force, which causes whiplash and other serious injuries. 


8.33: Take east to be the x-direction and north to be the y-direction (again, these choices 
are arbitrary). The components of the common velocity after the collision are 


y, = GADD CORO Neath) icem sgg 


x (4200 ke) 
"E x s s om 
y (4200 ke) l 


The velocity has magnitude 4/(—11.67 km/h)? + (-33.33 km/h) = 35.3 km/h and is ata 


direction arctan (=)= 70.79 south of west. 


8.34: The initial momentum of the car must be the x-component of the final momentum 
as the truck had no intial x-component of momentum, so 
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Pe num, Y COSO 


Va” 
mm. x 
2850k 
= (16.0 m/s ) cos (90° — 24°) 
950 kg 
=19.5 m/s. 
Similarly, vo, = RW 16.0 m/s)sin 66° = 21.9 m/s. 
= 1900 


8.35: The speed of the block immediately after being struck by the bullet may be found 
from either force or energy considerations. Either way, the distance s is related to the 


speed vyo by v^ = 2j, gs. The speed of the bullet is then 


Mu +m 
OP bullet 
Vida = — — —-4] 2 B8 


Mbulet 
1.205 kg [2(0.20)(9.80 m/s? 0.230 m) 
= LLL 2(0.20)(9.80 m 0.230 m 
5.00x 10 ke ( X /s x 
= 229m/s, 


or 2.3x10? m/s to two places. 
p 


8.36: a) The final speed of the bullet-block combination is 


= 
p.-120x10" E 380 m/s) = 0.758 m/s 
6.012 ke 


Energy is conserved after the collision, so (m + M)gy ^ £(m-- M )V* , and 


2 2 
"Um 1 (0.758 m/s)" _ 9.9793m 2.93cm. 


2g 2 (9.80m/s’) 


b) K, -imy - 1(12.0x107^ kg)(380 m/s)? — 866 J. 
c) Fromparta), K, = 4 (6.012 kg)(0.758 m/s) =1.73J. 


8.37: Let +y be north and +x be south. Let v, and v,, be the speeds of Sam and of 
Abigail before the collision. n; — 80.0 kg, m, = 50.0 kg, vs = 6.00 m/s, v4, = 9.00 m/s. 


P, is constant gives 
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PVs, = mgvss C0837.0? + m v ,, cos 23.0? 
V5, = 9.67 m/s (Sam) 

P, is constant gives 

m Va = mgvs, Sin 37.0? — m v ,, sin 23.0? 
va = 2.26 m/s (Abigail) 

b)K, =m + imya = 41017 
K,-imyj tim, = 465] 

AK = K, — K, =-640J 


e 8.38: (a) At maximum compression of the spring, v, = v, = V. Momentum 
conservation gives (2.00kg)(2.00 m/s)=(12.0kg)¥ 


^ V = 0.333 m/s 


. Energy conservation mot = zn, Tm y +U pr 
. 50.00 ke)(2.00 m/s)’ = = 12.0 kg)(0.333 m/s)” TU. 
s U pr = 3.33] 


* (b) The collision is elastic and Eqs. (8.24) and (8.25) may be used: 


v, 2 —1.33m/s, v = 40.67 m/s 


e 8.39: In the notation of Example 8.10, with the smaller glider denoted as 4, 
conservation of momentum gives (1.50)v ,, + (3.00)v,, — —5.40 m/s. The relative 


velocity has switched direction, so v ,, — v4, =—3.00 m/s. Multiplying the second of 
these relations by (3.00) and adding to the first gives 

(4.50)v ,, — —14.4 m/s, or v,, = —3.20 m/s, with the minus sign indicating a velocity 
to the left. This may be substituted into either relation to obtain v,, = —0.20 m/s; or, 


multiplying the second relation by (1.50) and subtracting from the first gives 
(4.50)v,, — —0.90 m/s, which is the same result. 


© 8.40: a) In ihe notation of Example 8.10, with the large marble (originally ruoviug Lo 
the right) denoted as 4,(3.00)v,, + (1.00)v,, = 0.200 m/s. The relative velocity has 
switched direction, so v ,, —v,, =—0.600 m/s. Adding these eliminates v, to give 
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(4.00)v ,, — —0.400 m/s, or v,, — —0.100 m/s, with the minus sign indicating a final 
velocity to the left. This may be substituted into either of the two relations to obtain 
va = 0.500 m/s; or, the second of the above relations may be multiplied by 3.00 and 
subtracted from the first to give (4.00)v,, = 2.00 m/s, the same result. 

b) AP, = —0.009 ke - m/s, AP, = 0.009 ke - m/s 

c) AK, 24.5x10 *, AK, — 4.5x10 *. 
Because the collision is elastic, the numbers have the same magnitude. 


8.41: Algebraically, v, = 420 m/s. This substitution and the cancellation of 
common factors and units allow the equations in œ and £ to be reduced to 


2— cosa 4- 41.8 cos £ 
0— sin e — 41.8 sin £. 


Solving for cosa and sin @, squaring and adding gives 


. Q2- V8 cos 6) + (VI.8in Di =]. 


* 
Minor algebra leads to cos f = X or B = 26.57°. Substitution of this result into the 


first of the above relations gives cos œ =+, and æ = 36.87°. 

8.42: a) Using Eq. (8.24),~+ = +222 = L, b) The kinetic energy is proportional to the 
square of the speed, so Ža = $ c) The magnitude of the speed is reduced by a factor of 
+ after each collision, so after N collisions, the speed is E of its original value. To 


find N, consider 
1 j 1 
=| = or 
3 59,000 


" 3" — 59,000 
NIn(3) = In(59,000) 
y 169000) |, 
In(3) 


to the nearest integer. Of course, using the logarithm in any base gives the same 
result. 
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8.43: a) In Eq. (8.24), let m; - mand m, =M. Solving for M gives 


vYtv, 
In this case, v—1.50x10' m/s, and v, = —1.20x10" m/s, with the minus sign 
indicating a rebound. Then, M = m 2+2 = 9m. Either Eq. (8.25) may be used to 


L5043-1.20) 


find v, == 3.00x 10° m/s, or Eq. (8.23), which gives 


5 


Vv, = (1.50x 10" m/s) (-1.20x 10" m/s), the same result. 


8.44: From Eq. (8.28), 


_ (0.30 kg)/0.20 m) + (0.40 kg)(0.10 m) + (0.20 ke)(—0.30 m) 
solli (0.90 ke) 

_ (0.30 kg)(0.30 m) + (0.40 kgX(—0.40 m) + (0.20kgX0.60m) _ 9 056m. 
= (0.90 kg) 


= +0.044 m, 


8.45: Measured from the center of the sun, 


(1.99x10” kgX(0)+ (1.90x10”7 kg)(7.78 x10" m) 


8 
s ^ = 7.42%10° m. 
1.99 x 10? kg +1.90x10” kg 


The center of mass of the system lies outside the sun. 


8.46: a) Measured from the rear car, the position of the center of mass is, from Eq. (8.28), 


(1800 kg(40.0 m) 
(1200 kg +1800 kg) 
b) (1200 ke 12.0 m/s) + (1800 kg)(20.0 m/s) = 5.04 x 10* kg - m/s. 
c) From Eq. (8.30), 
_ (1200 kg)(12.0 m/s) + (1800 ke(20.0 m/s) 
= (1200 ke +1800 ke) 
d) (1200 kg +1800 kgJ(16.8 m/s) = 5.04 x 10* kg - m/s. 


— 24.0 m, which is 16.0 m behind the leading car. 


-16.8 m/s. 
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8.47: a) With x, 2 0 in Eq. (8.28), 


m, = m; (x, / x, ) 1) = (0.10 kgX(8.0 my(2.0m) —1) = 0.30 kg. 


b) P = Mv = (040 kgY5.0 m/s)? = (2.0 kg - m/s) Ê. c) In Eq. (8.32), 
9,7 0,509 = P /(0.30kg) = (6.7 m/s). 


8.48: As in Example 8.15, the center of mass remains at rest, so there is zero net 
momentum, and the magnitudes of the speeds are related by mv; =m,v,, or 


v4 = (m, / m, Jv, = (60.0 kg /90.0 kgY(0.70 m/s) = 0.47 m/s. 


8.49: See Exercise 8.47(a); with y, = 0, Eq. (8.28) gives m, = m,((v,/ y.,)-D= 
(0.50 ke)((6.0 m) /(2.4 m) — 1) = 0.75 kg, so the total mass of the system is 1.25 kg. 


à, —£p9. = (1.50m/s* dé. 
c) F = mā. =(1.25kg) (1.50m/s*) (3.084 =(5.63 Ni. 
8.50: p, —0,so F, — 0. The x -component of force is 


E WT 
F, = =(-1.S0N/s}t 


8.51: a) From Eq. (8.38), F = (1600 m/s)(0.0500 kg/s) = 80.0 N. b) The absence of 
atmosphere would not prevent the rocket from operating. The rocket could be steered by 
ejecting the fuel in a direction with a component perpendicular to the rocket’s velocity, 
and braked by ejecting in a direction parallel (as opposed to antiparallel) to the rocket’s 
velocity. 


8.52: It turns out to be more convenient to do part (b) first; the thrust is the force that 
accelerates the astronaut and MMU, F = ma = (70 kg + 110 k&)(0.029 m/s? j= 5.22 N. 


a) Solving Eq. (8.38) for |dm 


* 


lán|- Fd (5225605 _ 53 om, 
"m = 
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8.53: Solving for the magnitude of dm in Eq. (8.39), 


_ (6000 kg)(25.0 m/s^) 


TUUS (15) 7 75.0kg. 


8.54: Solving Eq. (8.34) for v_, and taking the magnitude to find the exhaust speed, 
v, = aas = (15.0 m/s^) (160)- 2.4km/s. In this form, the quantity z27 is 
approximated by ig = an At = 160 s. 


8.55: a) The average thrust is the impulse divided by the time, so the ratio of the average 


TEmgrPu —0.442. b) Using the average force in Eq. 


(8.38), v,, = E% = 422": = 800 m/s. c) Using the result of part (b) in Eq. (8.40), 


ex |da) O.0125ke 


v = (800m/s) In (0.0258/0.0133) = 530m/s. 


thrust to the maximum thrust is 


8.56: Solving Eq. (8.4) for the ratio "* , with v, = 0, 


i ore ME, - exp 8.00 km /s ndi. 
y 2.10 km /s 


8.57: Solving Eq. (8.40) for + , the fraction of the original rocket mass that is not fuel, 


P y 

—=exp|—— | 
My | Vex 
a) For v=1.00x10%¢ = 3.00 10° m/s, exp(— (3.00 x 10° m/s/(2000 m/s)) = 7.2x10™. 
b) For v= 3000 m/s, exp(-(3000 ra/s)/(2000 m/s)) = 0.22. 


8.58: a) The speed of the ball before and after the collision with the plate are found 
from the heights. The impulse is the mass times the sum of the speeds, 


J=m(v,+v,)=m(f2gy, (2g) = (0.040kg)/29.80m/s" [/2.00m +V1.60m}=047 N-s 


b)-2 = (0.47 N-8/2.00x107s) = 237 N. 


8.59: p= | F dt - (a£/3) j - (Bt 4 £^ [2)] = (8.33 N/s OY + (30.0 Ne+ 2.5 N/s£?)j 
P i J J 
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After 0.500 s, p — (1.04 ke- m/s)? + (15.63ke- m/s), and the velocity is 


B= p/m =(0.52m/s)i + (7.82m/s)j. 


8.60: a) J, = Ft = (-380 N) (3.00 107s) = 1.14 N:s. 


J, = EE =(110N) (3.00x 107s) = 0.33 N-s. 


- - (-1.14N.s) ——— 
" Lu i al (0.560 N (9.80 m/s) Eja 
= E (0.33 N.s) p 
v sed fm (CHR D N)/(9.80m/s?)) Rr. 


8.61: The total momentum of the final combination is the same as the initial momentum; 
for the speed to be one-fifth of the original speed, the mass must be five times the original 
mass, or 15 cars. 


8.62: The momentum of the convertible must be the south component of the total 
momentum, so 


_ (800 kg- m/s)cos 60.0? 


Van = 2.67 m/s. 
(1500 kg) 
Similarly, the speed of the station wagon is 
" (800 kg - m/s) sin 60.0 3:46. 


d 
s (2000kg) 


8.63: The total momentum must be zero, and the velocity vectors must be three vectors of 
the same magnitude that sum to zero, and hence must form the sides of an equilateral 
triangle. One puck will move 60? north of east and the other will move 60? south of east. 


8.64: a) m vy, - mv, + Moo = m, v, , therefore 


for x? 


_ (0.100 kg)(0.50 m/s) — (0.020 kg)(—1.50 m/s) — (0.030 kg)(—0.50 m/s)cos60? 
dii 0.050ke 


ve, 71.75 m/s 
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Similarly, 


„_ — (0-100kg)(0m/s) - (0.020kg)(0 m/s) (0.030 kg -0.50 m/s)sin 60° 
in 0.050 ke 
Vo, = 0.26 m/s 


b) 
AK =4(0.100kg)(0.5 m/s)" —4(0.020kg)(1.50 m/s)’ — 1 (0.030 kg)(-0.50 m/s)’ 
—1(0.050kg)x [0.75 m/s)" + (0.26 m/s) ] - —0.092 J 


8.65: a) To throw the mass sideways, a sideways force must be exerted on the mass, and 
hence a sideways force is exerted on the car. The car is given to remain on track, so some 
other force (the tracks on the car) act to give a net horizontal force of zero on the car, 
which continues at 5.00 m/s east. 


b) If the mass is thrown with backward with a speed of 5.00 m/s relative to the initial 
motion of the car, the mass is at rest relative to the ground, and has zero momentum. The 
speed of the car is then (5.00 m/s) ees — 5.71 m/s, and the car is still moving east. 


c) The combined momentum of the mass and car must be same before and after the 


mass hits the car, so the speed is Coe ream (eaedem :) 3.78 m/s, with the car still 


moving east. 


8.66: The total mass of the car is changing, but the speed of the sand as it leaves the car 
is the same as the speed of the car, so there is no change in the velocity of either the car 
or the sand (the sand acquires a downward velocity after it leaves the car, and is stopped 
on the tracks afer it leaves the car). Another way of regarding the situation is that v in 
Equations (8.37), (8.38) and (8.39) is zero, and the car does not accelerate. In any event, 
the speed of the car remains constant at 15.0 m/s. In Exercise 8.24, the rain is given as 
falling vertically, so its velocity relative to the car as it hits the car is not zero. 


8.67: a) The ratio of the kinetic energy of the Nash to that of the Packard is 


navy . (MOS 1 68. b) The ratio of the momentum of the Nash to that of the 
MpVp (1 620 kg)( 5m/s) 


Packard is 7» —.09:9075 _ 0.933, therefore the Packard has the greater magnitude 


mpeg —— (1620 ke)(S mis) 
of momentum. c) The force necessary to stop an object with momentum P in time tis 
I! —— P/t. Since the Packard has the greater momentum, it will require the greater force 
to stop it. The ratio is the same since the time is the same, therefore F/F = 0.933. d) 


By the work-kinetic energy theorem, F= “. Therefore, since the Nash has the greater 
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kinetic energy, it will require the greater force to stop it in a given distance. Since the 
distance is the same, the ratio of the forces is the same as that of the kinetic energies, 
F,!F,- 1.68. 


8.68: The recoil force is the momentum delivered to each bullet times the rate at which 
the bullets are fired, 
1000 bullets/min 


FE „= (145x107 kg) (293 m/s) | )- 364 N. 


60 s/ min 


8.69: (This problem involves solving a quadratic. The method presented here formulates 
the answer in terms of the parameters, and avoids intermediate calculations, including 
that of the spring constant.) 


Let the mass of the frame be M and the mass putty be m. Denote the distance that the 
frame streteches the spring by xo, the height above the frame from which the putty is 
dropped as # , and the maximum distance the frame moves from its initial position (with 
the frame attached) as d. 


The collision between the putty and the frame is completely inelastic, and the 
common speed after the collision is v; = 4 2g% —*_. After the collision, energy is 
conserved, so that 


5 My, 4 (m 4- M)gd CEES -— , Or 


1 m 


2m+M 


; lm 
(2gh)+im+M)g ix Cta- 


where the above expression fory, , and k = mg/x, have been used. In this form, it is seen 


that a factor of g cancels from all terms. After performing the algebra, the quadratic for d 
becomes 


2 
d*-d|2 zm — —-0, 
c "m4 M 


which has as its positive root 
2 2 
js, (z) (=) P r. a 
M. M. x, M (m M) 
For this situation, m = 4/3 M and k/xy = 6, so 


d= 0.232 m. 
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8.70: a) After impact, the block-bullet combination has a total mass of 1.00 ke, and the 
speed V of the block is found fromt M „„ V^ - 1&X^,orV = VEX. The spring constant k 


is determined from the calibration; k =- = = 300N/m. Combining, 


300 N/ 
y = |—— — (15.0107 m)- 2.60 m/s. 
1.00 ke 


b) Although this is not a pendulum, the analysis of the inelastic collision is the same; 


May 100Kg 


= =———=— (2.60 m/s )= 325 m/s. 
Jdem Tas TE is) / 


8.71: a) Take the original direction of the bullet’s motion to be the x-direction, 
and the direction of recoil to be the y-direction. The components of the stone's velocity 
after impact are then 


7 -3 
= BBGRID Ke (350 m/s)= 21.0 m/s, 
0.100Ks 
6.00» 10? K: 
Q2 AS E 050 m/s)- 15.0 m/s, 
0.100 Kg 


and the stone’s speed is (21.0 m/s) + (15.0 m/s). = 25.8 m/s, at an angle of arctan 
(32)- 35.59. b) X, = (6.00107 kg)(350 m/s = 368 J 


K, -1(6.00x10? ke f250 ms)’ — 1(0.100 kg 25.8 m? /s? )- 221 J,so the collision is 
not perfectly elastic. 


8.72: a) The stuntman’s speed before the collision is v;, = J42gy — 9.9 m/s. The speed 
after the collision is 


LOS „ _ 800kg 
m,-m, "  Q.100kg 


(9.9 m/s) = 5.3 ms. 


b) Momentum is not conserved during the slide. From the work-energy theorem, the 
distance x is found from 47.47" = Mpu ZX OF 
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v (528m/s) 


x= = = 5.7m: 
2u,  2(02549.80 m/s") 


Note that an extra figure was needed for F in part (b) to avoid roundoff error. 


8.73: Let v be the speed of the mass released at the rim just before it strikes the second 
mass. Let each object have mass m. 


Conservation of energy says Lm =mgR; v= J28R 
This is speed y for the collision. Let v, be the speed of the combined object just after 
the collision. Conservation of moraentum applied to the collision 
givesmy, = 2mv, 80 v, =v, / 2= ygk/2 


Apply conservation of energy co the motion of the combined object after the collision. 
Let y, be the final height above the bottom of the bowl. 


HO M = mes 


- E -— (£) -RIA 
2g 2g\ 2 

Mechanical energy is lost in the collision, so the final gravitational potential energy is 

less than the initial gravitational potential energy. 


Y 


8.74: Collision: Momentum conservation gives 


mv, = mv + (3m)v, 


1 
Vy =v, -39 a) 
Energy Conservation: 
1 1 1 
jo E 2 + 3 Gms 2) 


2 2 2 
Vy =v, 35 


Solve (1) and (2) for v, :v, = 2.50 m/s 
Energy conservation after collision: 


(3m yi? = (3m)gh = (3m)gi(1 — cose) 
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Solve for 8:0 = 68.8? 


8.75: First consider the motion after the collision. The combined object has mass 
m, =25.0 ke. Apply SF = ma to the object at the top of the circular loop, where the 


object has speed v,. 


2 

v 

T +mg=m— 
i 


The minimum speed v, for the object not to fall out of the circle is given by setting 


T = 0. This gives v, = 4 Rg, where R — 3.50 m. 


Next, use conservation of energy with point 2 at the bottom of the loop and point 3 at 
the top of the loop. Take y= 0 atthe point 2. Only gravity does work, so 


K,+U, =K, +U, 


L rs | 2 
DM Vy — PSY, +m,,g(2R) 


Usev, = Re and solve for v, : v, = J5gR = 13.1 m/s 

Now apply conservation of momentum to the collision between the dart and the 
sphere. Let v, be the speed of the dart before the collision. 

(5.00 kg y, = (25.0 kg X13.1mjs) 

v,7 65.5 m/s 


8.76: Just after the collision: EF — ma 


T 
3 
Hgg 
y 
T -mg = m- 
mg UR 
y 
1600N — (8.00 kg Y9.80 m/s? )- (8.00 kg) = 
239m 


v, =16.0m/s 


Energy and momentum are conserved during the elastic collision. 
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Mia Vo = mv. + Flg Vg 


(2.00 kg v, = (2.00 ke, + (8.00 ke Y16.0 m/s) 


Vp dia i (1) 
1 1 1 
mre = 2" MID 
(2.00 kg v? = (2.00 ke? + (8.00 ke Y16.0 m/s) 


v; =v; 41024 m? /s? (2) 


Solve (1) and (2) for v, :v, = 40.0 m/s 


8.77: a) The coefficient of friction, from either force or enerey consideration, is 

iy =v /2gs,where v is the speed of the block after the bullet passes through. The speed 
of the block is determined from the momentum lost by the bullet, 

(4. 00x 10?kg f280m/s)- 1.12 kg m/s, and so the coefficient of kinetic friction is 


_ (12 kg: m/s}/(0.80kg)f _ 
^7 soma oas ^ ^ 


b) +(4.00%107 kg\(400 m/s) -(I20m/s) )- 291 J. c) From the calculation of the 


? ? 
momentum in part (a), the block’s initial kinetic energy was 7—— ae = = 0.784 J. 


8.78: The speed of the block after the bullet has passed through (but before the block has 
begun to rise; this assumes a large force applied over a short time, a situation 
characteristic of bullets) is 


V = J2gy = 2(9.80 m/s^ 0.45x 10° m) = 0.297 ms. 


The final speed v of the bullet is then 


wd Imp EP Lo s 
m m m 
- 450 m/s-—LOks _ (0.297 m/s) = 390.6 m/s, 
5.00x 10^ kg 


or 390 m/s to two figures. 


8.79: a) Using the notation of Eq. (8.24), 
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K,- K, = 3 os? -im 


2 


1 í id 
-—mv|1- 
2 mM 
xpo | 
(m4 M) 


(m - M) 


b) Of the many ways to do this calculation, the most direct way is to differentiate the 
expression of part (a) with respect to M and set equal to zero; 


0 — (4m K, (| or 


dM | (m4 My 
1 2M 
Q2———————— 
(m-My (m My 
0— (m-M)- 2M 
m- M. 


c) From Eq.(8.24), with m; =m, = m,v, =0; the neutron has lost all of its kinetic 


energy. 


8.80: a) From the derivation in Sec. 8.4 of the text we have 


The ratio of the kinetic energies of the two particles after the collision is 


2 2 
IMV, _ M, a AEn L(M,- M) 


iM, M, V, M,\ 2M, 4M ,M, 
x 2 
or KE, = KE, UM ES. 
4M M, 


b) i) For M, = M,, KE, =0; i.e., the two objects simply exchange kinetic energies. 


ii) ForM, —- 5M,, 
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KE, 4(5M,)(M,) 


KE, (4M, )' 4 
5 


i.e., M , gets 4/9 or 4475 of the total. 
c) We want 


BE yg MY MacOM M, 1 MS 


KE, AM M, 4M ,M, 


which reduces to 
M; —6M,M, +M =0, 
from which, using the quadratic formula, we get the two possibilities M, —5.83 Af, and 


M, 70172 M, 


8.81: a) Apply conservation of energy to the motion of the package from point 1 as it 
leaves the chute to point 2 just before it lands in the cart. Take y = 0 at point 2, so y; = 
4.00 m. Only gravity does work, so 


K +U =K, +U, 


1 2 Sel 2 
;mw +mgy —-4mv, 


v = Avi + 2gy, = 9.35 m/s 


b) In the collision between the package and the cart momentum is conserved in the 
horizontal direction. (But not in the vertical direction, due to the vertical force the floor 
exerts on the cart.) Take +x to be to the right. Let 4 be the package and B be the cart. 


P. is constant gives 
MoV ax + WigVgiy = Gn, +M, Wrox 


Vg, = —5.00 m/s 
V4, = (3.00 m/s)cos 37.0° ( The horizontal velocity of the package is constant during 
its free-fall.) 


Solving for v,, gives v,, = —3.29 m/s. The cart is moving to the left at 3.29 m/s after 
the package lands in it. 
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8.82: Even though one of the masses is not known, the analysis of Section (8.4) leading 
to Eq. (8.26) is still valid, and v 4 = 0.200 m/s + 0.050 m/s = 0.250 m/s. b) The mass 


ma may be found from either energy or momentum considerations. From momentum 


conservation, 
_ (0.040 ke)(0.200 m/s — 0.050 m/s) 
ded CUTMAUWAERREXENXSSÉ 7 


= 0.024 kg. 
(0.250 m/s) 


As a check, note that 
K, =+(0.040 kg)(0.200 ms) =8.0x107 J,and 


K, = 1(0.040 kg)(0.050 m/s)" +4(0.024 kg(0.250 m/s}? =8.0x107 J, 


so K, = X,, as it must for a perfectly elastic collision. 


8.83: a) In terms of the primed coordinates, 
2 2; = =s = 
v? 7 Cat a) QV) 
=P BE +B Vag $204 V 


32 2 Sh a 
=v, +v,, +W V 


em? 


with a similar expression for ys. The total kinetic energy is then 


1 
K =—my+—m,v, 
2 
2 
"Lnd Tu 29) MEAT +V +205 Ba) 


= on, +m Wa ex rui mii] 


42[m,V, Vag + mV; X4]. 


The last term in brackets can be expressed as 
2(m P, + mz Va) Van» 
and the term 
mV, mV, — mQV, mV, —(m,+m,)v_, 


=0, 


and so the term in square brackets in the expression for the kinetic energy vanishes, 
showing the desired result. b) In any collision for which other forces may be neglected 


the velocity of the center of mass does not change, and the Liye, in the kinetic energy 
will not change. The other terms can be zero (for a perfectly inelastic collision, which is 
not likely), but never negative, so the minimum possible kinetic energy is iM. 
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8.84: a) The relative speed of approach before the collision is the relative speed at which 
the balls separate after the collision. Before the collision, they are approaching with 
relative speed 2 v, and so after the collision they are receding with speed 2 v. In the limit 
that. the larger ball has the much larger mass, its speed after the collision will be 
unchanged (the limit as m, >> m, in Eq. (8.24)), and so the small ball will move upward 
with speed 3v. b) With three times the speed, the ball will rebound to a height time 
times greater than the initial height. 


8.85: a) If the crate had final speed v, J&J have speed 4.00 m/s— v relative to the ice, 


: i .00 m/s 
and so (15.0kg)v= (120.0 kg)(4.00 m/s—v). Solving forv,v = euni — 3. 56m/s. 


b) After Jack jumps, the speed of the crate is £558: (4.00 m/s) = 2.222 m/s, and the 


momentum of Jill and the crate is 133.3 kg- m/s. After Jill jumps, the crate has a speed v 
and Jill has speed 4.00 m/s — v, and so 

133.3 kg m/s = (15.0 kg)v — (45.0kg)(4.00 m/s — v), and solving for v gives 

v=5.22 m/s. c) Repeating the calculation for part (b) with Jill jumping first gives a final 
speed of 4.67 m/s. 


8.86: (a) For momentum to be conserved, the two fragments must depart in opposite 
directions. We can thus write 
M Va -—M,V, 


Since M, = M — M,,we have 
(M —My)V, ——MyV, 


Ts ss Ms 
WV MM, 
Then for the ratio of the kinetic energies 
KE, iM,V; M, Mj M, 


The ratio of the KE's is simply thc inverse ratio of the masscs. 
From the two equations 


KE, = x KE, and KE, + KE, =Q 


A 
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We can solve for KE, to find 
M 
KE, =Q- KE, =Q 1- ——— 
E ° : d TCR 


xa, -2 = OM. 
pa M, M, 


(b) If M, = 4M , ,then Af, will get 4 times as much KE as Af, or 80% of Q for 
M „and 20% for M. 


8.87: Let the proton be moving in the + x -direction with speed v, after thedecay. The 


initial momentum of the neutron is zero, so to conserve momentum the electron must be 
moving in the— x -direction after the collision; let its speed be v,. 


P, is constant gives 0 = — ma, + m,v,. 
Ve =(m,/m, )v I, P 
The total kinetic energy after decay is K „p = imy +im rae Using the 


momentum equation to replace v, gives K,, =4m,v, (1+ m, /m,). 


K, 1 1 -4 
Thus —- - ————— = ——— 544x10* = 0.0544 % 
Ky 1+m,/m, 1836 


8.88: The ratios that appear in Eq. (8.42) are 2225 and zy, so the kinetic energies are 
a) 2276 (6.54 x10 07) 21.13 x 10^ J and b) 1— (6.54 x 10 ^ J)= 643» 107. 


1.0176 1.0176 


Note that the energies do not add to 6.54 x 10 J exactly, due to roundoff. 
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8.89: The “missing momentum” is 
5.60x10 7 kg-m/s — (3.50x10 ^ kg)(1.14x10^ m/s) - 1.6110 "kg: m/s . 


Since the electron has momentum to the rieht, the neutrino's momentum must be to the 
left. 


8.90: a) For the x - and y - directions, respectively, and m as the common mass of a 
proton, 


mv, —mv,,COSQ + mv, cos É 
0= mv, sina — mvp sin f 


or 


Va) = V4, COSA - vg, COS f 
0 — vp sinc — vy sinf. 


b) After minor algebra, 


vi = vo, + Van + 2v vs, (COs æ cos P — sin @ sin p) 


= 355 + vis + 2v ,,v34 cos(a + £). 
c ) For a perfectly elastic collision, 


1 1 
2" = a + zn or vii = Wi - v. 
Substitution into the above result gives cos(a + B) = 0.d) The only positive angle with 


zero cosine is (909). 


8.91: See Problem 8.90. Puck B moves at an angle 65.0 (i.e. 90? — 25? — 65?) from the 
original direction of puck 4°s motion, and from conservation of momentum in the 
y-direction, v,, = 0.466v,,. Substituting this into the expression for conservation of 
momentum in the x — direction, v, = v4 /(cos25.0? + 0.466c03 65°) = 13.6 m/s , and so 
Vg, = 6.34 m/s. 

As an alternative, a coordinate system may be used with axes along the final directions 
of motion (from Problem 8.90, these directions are known to be perpendicular). The 
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initial direction of the puck’s motion is 25.0? from the final direction, so 
V4, = V4 C08 25.0°and v,, = v , c0s65.0, giving the same results. 


8.92: Since mass is proportional to weight, the given weights may be used in determining 
velocities from conservation of momentum. Taking the positive direction to the left, 


,, — (800) (5.00 nis) cos 30.0* — (600 N)(7.00 m/s) cos 36.9* 


= 0.105 
1000 N nye 


8.93: a) From symmetry, the center of mass is on the vertical axis, a distance 
(L/2)cos(a/2) from the apex. b) The center of mass is on the (vertical) axis of 


symmetry, a distance 2(5/2)/3 — L/3 from the center of the bottom of the . c) Using 
the wire frame as a coordinate system, the coordinates of the center of mass are equal, 
and each is equal to (L/2)/2 — L/4. The distance of this point from the corner is 


(1/ J8 ) = (0.353)2. This may also be found from consideration of the situation of part 
(a), with a. — 45? d) By symmetry, the center of mass is in the center of the equilateral 


triangle, a distance (Z/2)(tan 60°) = L/ 412 = (0.289)Z above the center of the base. 


8.94: The trick here is to notice that the final configuration is the same as if the canoe 
(assumed symmetrical ) has been rotated about its center of mass. Intially, the center of 


(450 kg) (1.5m) 
doska 


this point the center of the canoe would move 2x 0.643 m= 1.29 m. 


mass is a distance = 0.643m from the center of the canoe, so in rotating about 


8.95: Neglecting friction, the total momentum is zero, and your speed will be one-fifth of 
the slab’s speed, or 0.40 m/s. 


8.96: The trick here is to realize that the center of mass will continue to move in the 
original parabolic trajectory, “landing” at the position of the original range of the 
projectile. Since the explosion takes place at the highest point of the trajectory, and one 
fragment is given to have zero speed after the explosion, neither fragment has a vertical 
component of velocity immediately after the explosion, and the second fragment has 
twice the velocity the projectile had before the explosion. a) The fragments land at 
positions symmetric about the original target point. Since one lands at +R, the other 
lands at 

f. £x. _ 3 (S0m/sy 


—R=—— sin 2a, = ——— — — —-sin120* = 848 m. 
2g 2 (9.80 m/s) 
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b) In terms of the mass m of the E^ o "3 and the speed v before the explosion, 


K, =4 my'and K, 2 12 (2v)! 2 mv',so AK = mv! — Lmy? - imy?. The speed v is related 


to v, by v = v, cosa, so 


AK = ji cos’ a, = ; Q0. kg)(80 m/s)cos 60.09) = 1.6010" J. 


8.97: Apply conservation of energy to the explosion. Just before the explosion the sheel 
is at its maximum height and has zero kinetic energy. Let 4 be the piece with mass 1.40 
ke and B be the piece with mass 0.28 kg. Let v, and v, be the speeds of the two pieces 
immediately after the collision. 


imi + Lmsvs =860J 


Since the two fragments reach the ground at the same time, their velocitues just 
after the explosion must be horizontal. The initial momentum of the shell before the 
explosion is zero, so after the explosion the pieces must be moving in opposite horizontal 
directions and have equal magnitude of momentum: m v, ^ mgv;. 


Use this to eliminate v, in the first equation and solve for v, : 
im,v,(l+m,/m,)=860J andy, — 71.6 m/s. 
Then v, = (m, /m ,)v, = 14.3 m/s. 


b) Use the vertical motion from the maximum height to the ground to find the time it 
takes the pieces to fall to the ground after the explosion. Take + y downward. 


Voy 7 0,2, 249.80 m/s’, y- y, - 800m, t=? 
y— yo =Voyt+ bat? gives t = 4.04 s. 
During this time the horizontal distance each piece moves is 
x, =Vv4t = 57.8 mand x, =v,t = 289.1 m. 
They move in opposite directions, so they are x, +x, = 347 mapart when they land. 


8.98: The two fragments are 3.00 ke and 9.00 ke. Time to reach maximum height — time 
to fall back to the eround. 
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" Ü 
v, = W in. 0 — gf 
0 = (150 m/s)sin55.0° — 9.8 m/s’ t 
#=12.5s. 


The heavier fragment travels back to its starting point, so it reversed its velocity. 
v, = v cos 0 = (150 m/s)cos 55? 286.0 m/s to the left after the explosion; this is v. Now 
get v, using momentum conversation. 
My, = mv, + msvs 
(12 kg X86.0m/s)- (3.00 kg, + (9.00kg X- 86.0m/s) 
v, = 602 m/s 
— (86.0 m/s)(12.5s) + (602 m/s)(12.5) 


"5 = “Before explosion +X After explosion 


x, = 8600m from where it was launched 
Energy released = Energy after explosion — Energy before explosion 


1 1 
mv F j mes = 38 + Mig s 


mle role 


(3.00 ke)(602 m/s)* + (9.00 keX86.0 m/s)? 


-5020 kg 86.0 m/s)? 


= 5.33%10° J 


8.99: The information is not sufficient to use conservation of energy. Denote the emitted 
neutron that moves in the + y - direction by the subscript 1 and the emitted neutron that 


moves in the —y-direction by the subscript 2. Using conservation of momentum in the x- 
and y-directions, neglecting the common factor of the mass of neutron, 


Vp = (2v5/3)cos 10? + v, cos 45? + v,cos 30° 
0 = (2, /3)sin 10? +v, sin 45? — v, sin 30°. 
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With sin 45? — cos 45? , these two relations may be subtracted to eliminatev, and 


rearrangement gives 
vp (1— (2/3) cos 10? + (2/3)sin 109) = v; (cos 30? + sin 30°), 


from which v, =1.01x 10° m/s or1.0x 10* m/s to two figures. Substitution of this into 
either of the momentum relations gives v, = 221m/s. All that is known is that there is no 
z-component of momentum, and so only the ratio of the speeds can be determined. The 
ratio is the inverse of the ratio of the masses, so v, = (1.5)v,,. 


8.100: a) With block B initially at rest, v... = =e ai- 0) Since there is no net external 
force, the center of mass moves with constant velocity, and so a frame that moves with 
the center of mass is an inertial reference frame. c) The velocities have only x - 
components, and the x -components are 

m 
Ua = Vp — Vas = mong Papi 7 Yom = am Pans Then, Ra = mau my = 0. 
d) Since there is zero momentum in the center-of-mass frame before the collision, there 
can be no momentum after the collision; the momentum of each block after the collision 
must be reversed in direction. The only way to conserve kinetic energy is if the 


momentum of each has the same magnitude so in the center-of-mass frame, the blocks 

change direction but have the same speeds. Symbolically, u ,, 7 —4 4, u5, — —u54,. e) The 
velocities all have only x -components; these components are 

ua = $226.00 m/s = 2.00 m/s, u,, = —222 6.00 m/s = —4.00 m/s, u ,, = —2.00 m/s, up, = 4.00m/ 
and v ,, = 42.00 m/s,v,, — 8.00 m/s. and Equation (8.24) predicts v ,, = -- iv, and Eq. 

(8.25) predicts v,, = $1, , which are in agreement with the above. 


8.101: a) If the objects stick together, their relative speed is zero and €= 0. b) From Eq. 
(8.27), the relative speeds are the same, and €= 1. c) Neglecting air resistance, the 


speeds before and after the collision are 2g and ./2gH, , and €= eg = JH /h .d) 
From part (c), H,=¢° #=(0.85) (1.2m)=0.87m. e) H 
H =< h. f) (1.2 m)(0.85)^ -8.9cm. 


=H, €' , and by induction 


k+l 


8.102: a) The decrease in potential energy (- A< 0) means that the kinetic energy 


increases. In the center of mass frame of two Bop atoms, the net momentum is 
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necessarily zero and after the atoms combine and have a common velocity, that velocity 
must have zero magnitude, a situation precluded by the necessarily positive kinetic 
energy. b) The initial momentum is zero before the collision, and must be zero after the 
collision. Denote the common initial speed as v; , the final speed of the hydrogen atom as 
v, the final speed of the hydrogen molecule as F , the common mass of the hydrogen 
atoms as m and the mass of the hydrogen molecules as 2m . After the collision, the two 
particles must be moving in opposite directions, and so to conserve momentum, v= 2F . 
From conservation of energy, 


from which V —1.203x10* m/s, or 1.20 x 10* m/s to two figures and the hydrogen atom 
speed is v -2.41x10^* m/s. 


8.103: a) The wagon, after coming down the hill, will have speed J2gL sinc = 10 m/s. 


After the "collision", the speed is (48 )(19 m/s)= 6.9 m/s, and in the 5.0 s, the wagon 


will not reach the edge. b) The “collision” is completely inelastic, and kinetic energy is 
not conserved. The change in kinetic energy is 


1(435 kgX6.9 m/s) — 1(300 kg X10 m/s)" — — 4769 J, so about 4800 J is lost. 


8.104: a) Including the extra force, Eq. (8.37) becomes 


dv dm 
m— =- As — — 
dt dt 
where the positive direction is taken upwards (usually a sign of good planning). b) Diving 
by a factor of the mass m, 


c) 20 m/s? — 9.80 m/s? =10.2 m/s’. d) 3327 m/s — (9.80 m/s”) (90 )=2.45km/s, which 
is about three-fourths the speed found in Example 8.17. 


8.105: a) From Eq. (8.40) v=v nfe) (1.37), 


b) v,In(13,000/4,000)= (1.18)... 
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c) (1.18), + v, In(1000/300) = (2.38)v,,. d) Setting the result of part (c) equal to 
7.00 km/s and solving for v, gives v, = 2.94 km/s. 


8.106: a) There are two contribution to 
Fov Fog: = Vax | dmj dt | -v | dmj dt or E, = (v., — v dmj dil, 


b) F / |dm/ dt |= (1300 N)/050 kg/s) 2 8.66 m/s= 31 kmh. This equal to 


y 


Y: 


8.107: a) For ¢ < 0 the rocket is at rest. For 0 € t € 90 s, Eq. (8.40) is valid, and 
v(t)= (2400 m/s)In(1/(1— (2/120 s))) At t= 90, this speed is 3.33 km/s, and this is also 
the speed for ¢ > 90s. 


4 
SOG fe; 


3go e imd 
! 5000 


ü ^l aii fr #4) Van 130 
1 


b) The acceleration is zero for £< Oand : > 90 s. For 0 € £ € 90 s, Eq. (8.39) gives, 
with 42. = —m,/120s,a = Bes. 


0 x 4 & s WW 1 
c) The maximum acceleration occurs at the latest time of firing, t= 90 s, at which time 
the acceleration is, from the result of part. (a), UE = RO m/s’, and so the astronaut. is 


subject to a force of 6.0 kN, about eight times her weight on earth. 
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8.108: The impulse applied to the cake is J = 4, mgt = mv, where m is the mass of the 
cake and v is its speed after the impulse is applied. The distance d that the cake moves 
during this time is then d = + gt’. While sliding on the table, the cake must lose its 


kinetic energy to friction, or 44,4mg(r —d)= 4mv*. Simplification and substitution for v 


gives r- d - ig os t? , substituting for d in terms of ¿° gives 


1 Yg 
p= jera +a) = gt D (uy + tig 
2 Ayo 2 Hy 


which gives t= 0.59 s. 


8.109: a) Noting than dm — dx avoids the intermediate variable p . Then, 


X -1 [xe nF, 
MI L 2 


b) In this case, the mass Af may be found in terms of p and Z, specifically by using 
dm = pddx = addx to find that M = oA | xdx - aAD?/2. Then, 


3 
xam ou [ dx = 2 E 2L 
QAL 0 


8.110: By symmetry, x, = 0. Using plane polar coordinates leads to an easier 


cm 


integration, and using the Theorem of Pappus bm... m ]- ina } is easiest of all, but the 
method of Problem 8.109 involves Cartesian coordinates. 


For the x-coordinate, dm = pt a’ — x! dx , which is an even function of x, so 
[x dx = 0. For the y-coordinate, dm = pt2da? — y! dy , and the range of integration is 
from 0 to a, so 


a EP yfad. 


Making the substitutions M =} prat, u=a’—y’, du=—2y, and 
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8.111: a) The tension in the rope at the point where it is suspended from the table is 
= (Ax)g , Where x is the length of rope over the edge, hanging vertically. In raising the 


rope a distance — dx , the work done is (Ag)x (- dx)(dx is negative) The total work done 
is then 


= h (ag)x dx= (a^ - a 


b) The center of mass of the hanging piece is initially a distance 7/8 below the top of the 
table, and the hanging weight is (4g Xt 4) ,80 the work required to raise the rope is 


Ag) (t1 4)(1/8)= agi? 132, as before. 
(ag)(1/4)(1/8) 


8.112: a) For constant acceleration a, the downward velocity is v =at and the distance x 
that the drop has fallen is x — laf. Substitution into the differential equation gives 


the non-zero solution of which is a = t. 


2 
b) lgf41|950m9 fe nay 4T 
2 7 3 
c) kx = (2.00 g/m) (14.7 m)= 29.4 g. 
9.1: a) LS08 coal eade: 
250m 

b) . 040cm) — ccm. 

(1289): rad/180°) 
c) (1.50 m)(0.70 rad) = 1.05 m. 


9.2: a) (1900 Jr p=). 199 rad/s. 
min rey 60 


b) (35°x x rad/1809)/(199 rad/s) = 3.07 x 1077 s. 


93: a) a,= = 3.5s,a=42rad/s’.The angular acceleration 
is proportional to the time, so the average angular acceleration between any two times is 
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the arithmetic average of the angular accelerations. b) co, = (6.0 rad/s^ Y^, so at 
£—3.58,c, — 73.5 rad/s. The angular velocity is not linear function of time, so the 


average angular velocity is not the arithmetic average or the angular velocity at the 
midpoint of the interval. 


9.4: a) a, (t) = $2- 2 —2 ft = (-1.60 rad/s^yr. 


di 
b) a, (3.08) = (—1.60 rad/s^ (3.0 s) = —4.80 rad/s’. 


-— co(3.08)— (0) _ -2.20 rad/s — 5.00 rad/s — 2.40 rad/s”, 
3.08 3.05 


which is half as large (in magnitude) as the acceleration at t= 3.08. 


9.5: a) c, =y - 35t^ = (0.400 rad/s) + (0.036 rad/s'y ^ b)Att£—0,c, =y= 
0.400rad/s. c) At? — 5.005, co, — 1.3 rad/s,8 =3.50 rad,soco,, , = 259 = 0.70rad/s. 


av-2 5000s 


The acceleration is not constant, but increasing, so the angular velocity is larger than the 
average angular velocity. 


9.6: c, = (250 rad/s) — (40.0 rad/s^yt — (4.50 rad/s”), a, = —(40.0 rad/s^) — 
(9.00rad/s^ y. a) Setting co, = 0 results in a quadratic in ¢; the only positive time at which 
c, — 0 ist=4.23s. b) Att = 4.23s, a, = —78.1rad/s?. 

C)AL t= 4.23 s, 8 = 586 rad = 93.3rev. 

d) At £ —0,c, = 250rad/s. e)ceo,,., = 22822 = 138 rad/s. 


ay-2 4.238 


9.7: a) œ, =Z = 2bt — 3c" anda, = = 2b — 6ct. b) Setting a, = 0,t=+. 


9.8: (a) The angular acceleration is positive, since the angular velocity increases steadily 
from a negative value to a positive value. 


(b) The angular acceleration is 


Thus it takes 3.00 seconds for the wheel to stop (cw, = 0). During this time its speed is 
decreasing. For the next 4.00 s its speed is increasing from 0 rad/s to + 8.00 rad/s. 
(c) We have 
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8-0, og 4 iar 
= 0-- (-6.00 rad/s) (7.005) + 4(2.00 rad/s’) (7.00) 


— —42.0 rad + 49.0 rad = + 7.00 rad. 
Alternatively, the average angular velocity is 


— 6.00 rad/s + 8.00 rad/s — 1.00 rad/s 


2 
Which leads to displacement of 7.00 rad after 7.00 s. 


9.9: a)c — 8, = 200 rev, co, = 500 rev/min — 8.333rev/s, t= 30.03, @ =? 


8-8,- (sas y gives æ = 5.00 rev/s = 300 rpm 

b) Use the information in part (a) to find a: 
co = w + at gives a = —0. 11110 rev/s? 

Then 0 = 0,0 =-0.111 1rev/s? ,to, = 8.333 rev/s,t=? 
co= (X + af givest = 75.0 and 


9-6, = c * Jr gives 0-0, -312rev 


9.10: a) c, = w, + a, — 1.50 rad/s + (0.300 rad/s’ (2.508) = 2.25 rad/s. 
b)8 = ot + 1/2 a t = (1.50 rad/s)(2.50 s) ++ (0.300 rad/s? (2.503)? = 4.69 rad. 


in — i lmin 
sinay 0O rev/min —500rev/minjx iE) — |, rev 
(4.005) z 


The number of revolutions is the average angular velocity, 350 rev/min, times the time 
interval of 0.067 min, or 23.33 rev. b) The angular velocity will decrease by another 


excel : 200 rev/min 1 = 
200 rev/min in a time 577 Tag = 2-675. 


9.12: a) Solving Eq. (9.7) for t gives £= 57. 
Rewriting Eq. (9.11) as 9 — 6, =t(w,,+2,t) and substituting for ¢ gives 
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which when rearranged gives Eq. (9.12). 


b) a, = (1/2X1/ A9 fes? — ex, )= (1/2)(0/(7.00 rad)) (16.0 rad/s) — (12.0 rad/s )- 
Srad/s*. 


b ) From Eq. (612), with cw), —0, 8 —6, a 432 rad = 68.8 rev. 


9.14: a) The average angular velocity is “24 = 40.5 rad/s, and so the initial angular 


400s 
velocity is 2c,,_, —@, = 5, =— 27 rad/s. 
_ Aw, _108rad/s—(—27 rad/s) _ 33,8 radi. 


b) 
At 4.00s 


2 


9.15: From Eq. (9.11), 
8-6, at _ 60.0rad — (2.25rad/s‘)(4.00s) 


2 


i =10.5rad/s. 
iz t 2  4.00s 2 ad 


9.16: From Eq. (9.7), with &, =0,a, =“ = md — 23, 33rad/s°. The angle is most 


1 


easily found from @ = wt = (70rad/s)(6.00s) = 420rad. 


9.17: From Eq. (9.12), with co, =0, the number of revolutions is proportional to the 


square of the initial angular velocity, so tripling the initial angular velocity increases the 
number of revolutions by 9, to 9.0 rev. 


9.18: The following table gives the revolutions and the angle 9 through which the wheel 
has rotated for each instant in time and each of the three situations: 
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(a) (b) (c) 


i revs 8 rev's 8 revs 8 
0.05 0.50 180 0.03 11.3 044 158 
0.10 1.00 360 0.13 45 0.75 270 
0.15 1.50 540 0.28 101 0.94 338 


0.20 2.00 720 0.50 180 1.00 360 


The and co, graphs are as follows: 


a) 


b) 


c) 


Hee os 


LEE N 
n ats ül HAS "n2 
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9.19: a) Before the circuit breaker trips, the angle through which the wheel turned was 
(24.0 rad/s) (2.00) + (30.0 rad/s^) (2.00 s)" /2 =108 rad, so the total angle is 

108 rad + 432 rad = 540 rad. b) The angular velocity when the circuit breaker trips is 
(24.0 rad/s)+ (30.0 rad/s? {2.00 s)- 84 rad/s, so the average angular velocity while the 
wheel is slowing is 42.0 rad/s, and the time to slow to a stop is 25:5 — 10.2, so the 


time when the wheel stops is 12.33. c) Ofthe many ways to find the angular 


acceleration, the most direct is to use the intermediate calculation of part (b) to find that 


while slowing down Aw, = —84 rad/s so a, = 52295 — 8.17 rad/s°. 


9.20: a) Equation (9.7) is solved for c, = co, — a, t, which gives c, .. — «o, — t, or 


6-6, =0,t-4a27. b) 2(2-—2)- 0.125 rad/s”. c) c, — a, — 5.5 rad/s. 


r? 
9.21: The horizontal component of velocity is rco , so the magnitude of the velocity is 
a) 47.1 m/s 


b) [6.0mxoorev/miny( ona 


2 
— || +(4.0 m/s)? =47.3 mis. 
30 rev/min 


9.22: a) 222 = 50.0 rad/s, =~ = 21.55 rad/s, or 21.6 rad/s to three figures. 


250x107 m 58.0 xl07? 


b) (1.25 m/s ) (74.0 min) (60 s/min)= 5.55 km. 


50.0 md/s-21.55 md: = 2 
C) @, = E = 641x10” rad/s”. 


9.23: a) «^r = (6.00 rad/s)’ (0.500 m) =18 m/s’. 


b) v= cr = (6.00 rad/s) (0.500 m) = 3.00 m/s, and “ = EN - 18 m/s*. 


a m 
9.24: From a, = °F, 


400,000 x 9.80 m/s? 


ITEM =1.25x10* rad/s, 
Y x m 


a 
a 
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which is (1.25 x 10^ rad/s) = )= 1.20x 10° rev/min. 


9.25: a) a,,=0,4,, =ar =(0.600 rad/s*)(0.300 m)=0.180 m/s? andso a=0.180 m/s’. 
b)@ =4rad,s0 &,, — cr = 2(0.600 rad/s? )(rc/3 rad (0.300 m)= 0.377 m/s*. 


The tangential acceleration is still 0.180 m/s?, and so on 
(0.180 m/s?) + (0.377 m/s’) =0.418 m/s’. 
c) Foran angle of 120°, a} =0.754 m/s’, and a = 0.775 m/s’, since a,,, is 
still 0.180 m/s? 


9.26: a), = wp, + a, t= 0.250 rev/s + (0.900 rev/s? (0.2005 )- 0.430 rev/s 

(note that since w,, and a, are given in terms of revolutions, it's not necessary to 
convert to radians). b)co,, At = (0.340 rev/s) (0.25) = 0.068 rev. c) Here, the conversion 
to radians must be made to use Eq. (9.13), and 


vorgo- E (0.430 rev/sx 2x: rad/rev)- 1.01 m/s. 


d) Combining equations (9.14) and. (9.15), 


= yani +a”, = (wr) + (ar)? 


= [((0.430 rev/s x 2zzrad/ rev)" (0.375 m))* + ((0.900 rev/s? x 2x rad/revY(0.375 m))*| 7 


= 3.46 m/s’. 
ey 
e E as (3000)(9.80 d item: 
& (5000 rev/min) = mmis 


so the diameter is more than 12.7 cm, contrary to the claim. 


9.28: a) Combining Equations (9.13) and (9.15), 


Gu —0r-ü | — |= 0v. 
e 


b) From the result of part (a), o =% = Fa" — 0.250 rad/s. 
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9.29: a) cr = (1250 rev/min) (= 55- J(22«9*2 |- 0.831 m/s. 


re/zmin 


v?  (0331m/s! — 2 
me (1271073 m)/2 -109 m/s : 


9.30:2) a=% = 0m" — sQ0rad/s* b) At £—3.00s,v- 50.0 m/sand 
=» — 9995. 250rad/s and at r= 0, v= 50.0 m/s + (-10.0 m/s?) 
(0— 3.005) 2 80.0 m/s, so c» — 400 rad/s. c) «t= (325 rad/s)(3.00s) 
=975 rad =155 rev. d) V= aur = (9.80 m/s^ (0.200 m) =1.40 m/s. This speed will 
be reached al Line Bonk Hal — 4.86 s afler t=3.00s, or al t = 7.865. (There are many 
equivalent ways to do this calculation ) 


9.31: (a) For a given radius and mass, the force is proportional to the square of the 
angular velocity; Haf =2.29 (note that conversion to rad/s is not necessary for this 


part). b) For a given radius, the tangential speed is proportional to the angular velocity; 


£5 — 1.51 (again conversion of the units of angular speed is not necessary). 


c) (640 rev/min) (z, 55. (n9) 15.75 m/s, or15.7 m/s to three figures, and 
nu = SEE -106x10 m/s" «108 g. 


9.32: (a) v,- Ro 
2.00 cm/s ~a( 132) om (mr 
min 60s lrev 
R=2.55 cm 
D=2R=5.09cm 
b) a,- Ra 
2 
Lar. 0400 m/s? =15.7 rad/s? 
R 00255m 
9.33: The angular velocity of the rear wheel is c, = x SOS =15.15 rad/s. 
r 0.330m 


The angular velocity of the front wheel is c, = 0.600 rev/s = 3.77 rad/s 
Poinis on the chain all move at ihe same speed, so 7,0, = rc, 
5n = n(o o, )= 2.99 em 
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9.34: The distances of the masses from the axis are £, ^ and ^, and so from Eq. (9.1 6) 
the moment of inertia is 


2 2 2 
I- n(2) + nf 2 + mn (22 = J agi 
4 4 4 16 


9.35: The moment of inertia of the cylinder is M E and that of each cap is mE, so the 


moment of inertia of the combination is (& + gje., 


9.36: Since the rod is 500 times as long as it is wide, it can be considered slender. 
a) From Table (9.2(a)), 


I- GE - = (0.042 ke )(1.50m) = 7.88 x 10^ ke -m’, 


b) From Table (9.2(b)), 


I= IME = 7 (0.082 ke )(1.50m) =3.15x10° kg - m’. 


c) For this slender rod, the moment of inertia about the axis is obtained by considering it 
as a solid cylinder, and from Table (9.2(f )), 


i= ZMR - 5 (0.042 kg) (1.5x1075 my. = 4.73x10" kg- m°. 


9.37: a) For each mass, the square of the distance from the axis is 
2(0.200 m)? = 8.00» 10° m?, and the moment of inertia is 


4(0.200 kg) (0.800107 m?) = 640x107 kg- m?. b) Each sphere is 0.200m from the 


axis, so the moment of inertia is 4(0.200 kg )(0.200 m) = 3.20x 107 kg m^. 
c) The two masses through which the axis passes do not contribute to the moment of 


inertia. 7 —2(0.2 kg)(0.2v2 mj = 0.032 kg- m°. 


2 


12 2 
= ;; (00 ke )(2.00 m) + 2(0.500 kg ) (1.00 mY = 2.33 kg - m? 
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1 
(b) f= 3 + My 


5 (4.00 kg (2.00 mY + (0.500 kg )(2.00 mY = 7.33 ke - m’ 


c) Z =0 because all masses are on the axis 


(d) I = myad + 2m, 4d? = Mud? 
= (5.00 kg)(0.500 m)? = 1.25 kg - m? 


939: I-I,-I,(d-disk, r- ring) 
disk: m, = (3.00 g/cm Jer? = 23.56kg 


i,= Imri = 2.945 kg -m* 
ring: m, = (2.00g/cm) x (r2 -7 )=15.08kg (7 = 50.0cm, 7% = 70.0 cm) 
I- =, (n^ +77) =5.580kg-m’ 


I-I,41,—-8.52kg-m' 


9.40: a) In the expression of Eq. (9.16), each term will have the mass multiplied by 
fand the distance multiplied by f, and so the moment of inertia is multiplied by 


f UY = f£. b) Q.5)48y = 6.37 x10". 


9.41: Each of the eight spokes may be treated as a slender rod about an axis through an 
end, so the moment of inertia of the combination is 


I-m,R 48 (=) R? 


= fas kg) «5020 ke) (0.300 m)? 


= 0.192 kg. ui 


9,42: a) From Eq. (9.17), with 7 from Table (9.2(a)), 
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am P NOS 5, 117 k)2.08 m) yog e. aE 


212 min 60s/min 
b) From mgy = K, 


P 6 
Men) o tasso aeii 


mg (117kgY9.80 m/s?) | 


y 213x105. 


AES 


9.43: a) The units of moment of inertia are [kg][m^] and the units of co are equivalent 

to [s ‘] and so the product £Zco^ has units equivalent to [kg m: s ^]- [kg  (m/s)'], 

which are the units of Joules. A radian is a ratio of distances and is therefore unitless. 
b) K 2 z^ Ko ^ /1800 , when is in rev/min. 


9.44: Solving Eq. (9.17) for 7, 


p= — —— — 3 -2.25x107 kg- m? 
c^ (45rev/min x2)? 


rev/min 


9.45: From Eq. (9.17), K, — K = LI(c; — co, ), and solving for J, 


T9 (K, 3 K) 
(co; — en) 
o w O 
B ((520 rev/min)’ — (650 rev/min) 5 I 
= 0.600 kg - m*. 


9.46: The work done on the cylinder is PL, where Z is the length of the rope. Combining 
Equations (9.17), (9.13) and the expression for Z from Table (9.2(g)), 


2 2 
pol o p.olev, MOONE Onis) iiri. 
2g 2g L 2(9.80m/s^y5.00m) 
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9.47: Expressing coin terms of a j, — “s+. Combining with [= SMR", Eq. (9.17) 


11 _ (70.0 kg)(1.20 m)(3500 m/s)’ 


becomes K — ——MRa,, =7:35x10* J. 
22 4 


9.48: a) With 7 = MR? , with expression for v is 


j= 2gh 
12- Mm. 


b) This expression is smaller than that for the solid cylinder; more of the cylinder’s 
mass is concentrated at its edge, so for a given speed, the kinetic energy of the cylinder is 
larger. A larger fraction of the potential energy is converted to the kinetic energy of the 
cylinder, and so less is available for the falling mass. 


9.49: a) œ — 2, so Eq. (9.17) becomes K = 2x? E/T’. 
b) Differentiating the expression found in part (a) with respect to 7, 


K 
2 - (Az! I/T^ ya. 


c) 27° (8.0 kg - m^ )/ (1.5s)? — 70.2 J, or 70 to two figures. 


d) (r° (8.0 kg- m^ )/(1.5 s) (0.0060) 2 —0.56 W. 


9.50: The center of mass has fallen half of the length of the rope, so the change in 
gravitational potential energy is 


-3ngL - -j6.00 kg)(9.80 m/s? (10.0 m) = —147 J. 


9.51: (120 kg)(9.80 m/s? (0.700 m) = 823 J. 


9.52: In Eq; (9.19), Z.. =MR? andd = R^, sol, = 2MR’. 
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9,53: jum - ium +Md*, so d?’ — ZR. and the axis comes nearest to the center of 


the sphere at a distance d = (2/4/15)R = (0.516)R. 


9.54: Using the parallel-axis theorem to find the moment of inertia of a thin rod about an 
axis through its end and perpendicular to the rod, 


2 
I, -I,.4Md' ME n +m) "n 
£ 12 2 3 


9.55: Ip =I „+ md'soI - 5M (a +b’) +M (EY Gy ), which gives 
1 


f=— 
12 


M(a?+ bei 4 b')or I= Me +") 
9.56: a)l=4Ma® b)I-iM» 


9.57: InEq. (919), Z - £ E? aud d =(L/2—h), so 


2 
l-M Age oa 
12 2 


=M | pt pe 
12 4 


-M E —Lh+ "| 


which is the same as found in Example 9.12. 


9.58: The analysis is identical to that of Example 9.13, with the lower limit in the integral 
being zero and the upper limit being R, and the mass M = zxZpR^. The result is 


=1MR’, as given in Table (9.2(f)) 


9.59: With dm — dx 
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9.60: For this case, dm — y dx. 


L ie 2 
x yL 
) [ m ]» "3| 7 
L m " 
b) I= |x? Qx)dx = — aie -4r 
0 44, 


This is larger than the moment of inertia of a uniform rod of the same mass and length, 
since the mass density is greater further away from the axis than nearer the axis. 


c) 1 - [qx yas 


L 
- yf ex- Lx? +x dx 
o 


This is a third of the result of part (b), reflecting the fact that more of the mass is 
concentrated at the right end. 


9.61: a) For a clockwise rotation, @ will be out of the page. b ) The upward direction 
crossed into the radial direction is, by the right-hand rule, counterclockwise. @ and r are 
perpendicular, so the magnitude of €) x F is cr =v. c) Geometrically, @ is 
perpendicular to V, and so @ x ¥ has magnitude cov = a, and from the right-hand 


rule, the upward direction crossed into the counterclockwise direction is inward, the 
direction of d,,,. Algebraically, 


du -oxv-óox(àaxr) 


where the fact that @ and ¥ are perpendicular has been used to eliminate their dot 
product. 


9.62: 
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aN gn —N 
"n —— MY | 
Se Ar ud. 


For planetary alignment, earth must go through 60° more than Mars: 


9, = yu + 60? 
wit = w,,t 60? 
60° 
+= 
Op — C) 
_ 360° _ 360° 
"s lyr M ^ 19yr 
t MR = 0.352 Ed 128d 
lyr l9yr 


9.63: a) v- 60mph = 26.82 m/s 
r=12in.=0.3048m 


=~ =88. Orad/s = 14.0 rev/s =840rpm 
- 


b) same c as in part (a) since speedometer reads same 
r=15in.=0.381m 

v= re = (0.381m)(88.0rad/s) = 33.5 m/s = 75 mph 
c) v= 50mph = 22.35m/s 

r =10in. = 0.254 m 


co =~ =88.0 rad/s;. this is the same as for 60 mph with correct tires, so 
n 


speedometer read 60 mph. 


9.64: a) For constant angular acceleration 8 = 2^ and so a, = cr = 2aBr. 
b) Denoting the angle that the acceleration vector makes with the radial direction as £, 
and using Equations (9.14) and (9. "A 
ar ar E 3 


tan Sts US = 
gs a, Gr Lar 28" 


9.65: a) w, = - = 2yt - 38£ = (640 rad/s’ yt — (1.50 rad/s y. 
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dw, _ 


b) eS 3i = 2y—6f£t = (6.40 rad/s" ) — (3.00 rad/s^yr. 


2 


c) An extreme of angular velocity occurs when æ, = 0, which occurs at 


mI 3.20 mds? = Á 2 
t= 35 = ege 7213 s, and at this time 


(3.20 rad/s’)? 


= 6.83radís. 
3(0.500 rad/s?) 


e, = Q)0/3£)- GE)o/38Y - y 38 = 


9.66: a) By successively integrating Equations (9.5) and (9.3), 
e, = yt -Ep = (1.80 rad/s*)¢ — (0.125 rad/s*)#? , 
8- "d -Ep = (0.90 rad/s^ y" — (0.042 rad/s? e’. 


b) The maximum positive angular velocity occurs when a, =0, t= X the angular 


velocity at this time is 


2 
lile: PEH IN TG Bleed gg rad/s. 
B 2\ £8 28 2 (025rad/s) 


The maximum angular displacement occurs when c, =0, at time t= 3 (t=O isan 


inflection point, and &(0) is not a maximum) and the angular displacement at this time is 


2 3 3 243 
ga 1f) (m) 2; 200m Y o. 
2.6) 6(8/] 3# 3(025rad/s)) 


9.67: a) The scale factor is 20.0, so the actual speed of the car would be 35 km/h — 9.72 m/s 
b) 1/2)mv? -8.51J. c)e - JE = 652 rad/s. 
9.68: a) a = 2 = 399^" _ 0,050 rad/s’. b) at = (0.05 rad/s^)(6.005) = 0.300 rad/s. 


€) aa = or = (0.300 rad/s)" (60.0 m)= 5.40 m/s". 


d) 
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e) a = Va ua + aun = (5.40 m/s)? + (3.00 m/s?) = 6.18 m/s”, 


and the magnitude of the force is F = ma = (1240 ke)(6.18 m/s?) — 7.66 kN. 


f) arctan (2s )- arctan (342)= 60.99. 


9.69: a) Expressing angular frequencies in units of revolutions per minute may be 
accomodated by changing the units of the dynamic quantities; specifically, 


2, 2 
C, = C T p 
2 
= [200 rev/miny a | 2200017) /| m. s 
16.0 kg -m 30 rev/min 
= 21 1rev/min. 


b) At the initial speed, the 4000 J will be recovered; if this is to be done is 5.00 s, the 
power must be #24 = 800 W. 


9.70: a) The angular acceleration will be zero when the speed is a maximum, which is at 
the bottom of the circle. The speed, from energy considerations, is 


v= 42gh = J2gR(l — cosf), where f is the angle from the vertical at release, and 


"m. [2g E 2: [2(9.80 m/s*) P - 
ue g cosf) = "Qs0m)- (1— cos 36.99) — 1.25 rad/s. 


b) « will again be 0 when the meatball again passes through the lowest point. 
C) a, is directed toward the center, and a4 = c^ R, a = (1.25rad/s^) (2.50 m) — 3.93 m/s’. 


d) 44, = o^ R = (2g/ RYl — cos £)R = (2g) — cos £), independent of R. 
9.71: a) (60.0 rev/s)(2z rad/revY(0.45x 107 m) — 1.696 m/s. 
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9.72: The second pulley, with half the diameter of the first, must have twice the angular 
velocity, and this is the angular velocity of the saw blade. 


a) (2(3450 rev/min)) 5 ae) [22m =75.1m/s. 
/ 


2 
b) a, -or- aca rev/min) E ralis J) Ens =) = 5.4310" m/s’, 


30 rev/min 


so the force holding sawdust on the blade would have to be about 5500 times as strong as 
gravity. 


9.73: a) Aa = ^r — oir = (o? — 02 )r 
- le - o, ] [e ^ e, |r 
al E [(o+o, x |r 
= le.](2 (6 — 8,» 


b) From the above, 


Z n 2 
ay = Aas GS0ms! -2500 y o0 m/st. 
2A8 2(15.0 rad) 


c) Similar to the derivation of part (a), 


AK = Latr- oI -3l1aey = Ia.0. 


d) Using the result of part (c), 
_ AK (45.0 ] — 20.0 J) 


= LUE) — 0208 kg im". 
«A0  ((2.00m/s^)/(0.250 m)X15.0 rad) 


974: I- I, a Ius 
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29,4, =0 4r R? 
I- pF. p a R JR A = Am R*)R? 
= Su g* E 4 s.) 
3 5 
= (0.20 m) | erro. e geen my +20 k/n | 
= 0.70 kgm? 


9.75: I approximate my body as a vertical cylinder with mass 80 kg, length 1.7 m, and 
diameter 0.30 m (radius 0.15 m) 


[= mk" = 5 (80g) (0.15m) = 0.9 kg - m° 


9.76: Treat the V like two thin 0.160 ke bars, each 25 cm long. 


I- (Lor = (2 (0.160 kg)(0.250 m)? 


= 6.67 x10? ke m* 


9.77: a) œ = 90.0 rpm — 9.425 rad/s 
6 
EF E LEE N E, 
2 c^ (9425rad/s) 


m= pV = pxR^t(p = 7800kg/m? is the density of iron and ż+=0.100 m is the 
thickness of the flywheel) 


I- jn - 5 pntR^ 
R= (21I/ pnt)" = 3.68 m;diameter = 7.36 m 
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b)a, = Ro’ = 327 m/s! 


9.78: Quantitatively, from Table (9.2), Z; =4mR’, I, = mR’ and J, =4mR° -a) Object A 
has the smallest moment of inertia because, of the three objects, its mass is the most 
concentrated near its axis. b) Conversely, object B’s mass is concentrated and farthest 


from its axis. c) Because 7... = 2/5 mR’ , the sphere would replace the disk as having the 
smallest moment of inertia. 


9.79: a) See Exercise 9.50. 


| 2x 255(0.3308)(5.97 x10% kg)(6.38 «105 my 


K= : -2.14x10? J, 
T (86,1645) 
1,,f2aR)  22/(5.97 «10^ kgY(1.50x10" my s 
Do aE Sewer L 
2 VFy (3.156x 107 s) 


c) Since the Earth's moment on inertia is less than that of a uniform sphere, more of 
the Earth's mass must be concentrated near its center. 


9.80: Using energy considerations, the system gains as kinetic energy the lost potential 
energy, mgR. The kinetic energy is 


K= lui + L = lia sdah = lg +mR’) o’. 
2 2 2 2 2 


£, and œ= ag 
R y3 


Using J = iji and solving for ~, 


T 
3 


9.81: a) 


Consider a small strip of width dy and a distance y below the top of the triangle. The 
length of the strip is x — (y/ k}. 


The strip has area x dy and the area of the sign is bh, so the mass of the strip is 
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dm-M ey -u( 22) La pa; dy 
Lbh rth) (h 


dl =1(dm)x? = zp y dy 
^ 2Mb pr , ae ji `] NC 
fe =| yay ==] =—Mb 
0 a b ae (ay b> G 


b) Z =4.Mb? = 2.304 kg -m° 
co = 2.00 rev/s = 4.00 rad/s 
K -1I» =182] 


9.82: (a) The kinetic energy of the falling mass after 2.00 m is 
KE = 1 my? = 1(8.00 kg )(5.00 m/s} =100J. The change in its potential energy while 
falling is mg% = (8.00 kg (9.8 nvs*)(2.00 m)- 156.83 

The wheel must have the “missing” 56.8 J in the form of rotational KE. Since its 
outer rim is moving at the same speed as the falling mass, 5.00 m/s: 


KE- jo ; therefore 
2KE _—-2(56.8J) 


[= = = 0.6224 ko- m? or 0.622 ke -m° 
o° (13.51 rad/s)’ = B 


(b) The wheel’s mass is 280 N/9.8 m/s? = 28.6 kg. The wheel with the largest possible 


moment of inertia would have all this mass concentrated in its rim. Its moment of inertia 
would be 


I = MR’ = (28.6kgX0.370m) =3.92 kg- m° 
The boss's wheel is physically impossible. 


9.83: a) (0.160 kg )(- 0.500 m)(9.30 m/s? )= —0.784 J. b) The kinetic energy of the stick 
is 0.784 J, and so the angular velocity is 
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m3 LUE LLLA TEM) oc 
o= (t MÉ/3 Y(0160kg)(1.00 mJ /3 — 


This result may also be found by using the algebraic form for the kinetic energy, 
K = MgL f2, from which œ = J3g/L , giving the same result. Note thate is independent 
of the mass. 

c) v- ai, = (542 rad/s)(1.00 m)- 5.42 m/s 


d) 428Z = 4.43 m/s; This is 42/3 of the result of part (c). 


9.84: Taking the zero of gravitational potential energy to be at the axle, the initial 
potential energy is zero (the rope is wrapped in a circle with center on the axle). When 
the rope has unwound, its center of mass is a distance AR below the axle, since the length 
of the rope is 2zR and half this distance is the position of the center of the mass. Initially, 
every part of the rope is moving with speed c R, and when the rope has unwound, and 
the cylinder has angular speed œ, the speed of the rope is oX (the upper end of the rope 
has the same tangential speed at the edge of the cylinder). From conservation of energy, 
using 7 = (1/2)44R* for a uniform cylinder, 


Solving for @ gives 


and the speed of any part of the rope is v= ØR. 


9.85: In descending a distance d, gravity has done work m,gd and friction has done 
work — 44, m, gd, and so the total kinetic energy of the system is gd(m, — pma) In 
terms of the speed v of the blocks, the kinetic energy is 


K - n, +m," eo! = (r, +m, +I/R?)’, 


where co = v/ R, and condition that the rope not slip, have been used. Setting the kinetic 
energy equal to the work done and solving for the speed v, 


E 2gd(m, — tim, 
(m, m, I/ R7) 


9.86: The gravitational potential energy which has become kinetic energy is 
K = (4.00 kg — 2.00 keYo.0 m/s? (5.00 m)- 98.0. In terms of the common speed v of 


the blocks, the kinetic energy of the system is. 
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E= in +m Waly = 
pee 2 |R 
(0.480ke -m?) 


T E (12.4 kg). 


est ;[ 004s + 2.00 ke + 
Solving for v gives v= iur = 2.81mj/s. 


9.87: The moment of inertia of the hoop about the nail is 2MR^ (see Exercise 9.52), and 
the initial potential energy with respect to the center of the loop when its cenrer is directly 
below the nail is gR (1—cos £f). From the work-energy theorem, 


K- ju = Mo R? = MgR(- cos), 
from which cw = vig/R0 —cosf). 


9.88: a) K= 2: 


2 
- E onolceyo.S0m | 3000 zev/rain x 9 eae 
25$ 60 rev/min 
- 2.00» 107 J. 


7 
b) Ep AREE Longe 5, 
B. L86x10 W 


av 


which is about 18 min. 


9.89: a) IMR + 5 R= 5 ((0.80kg)(2.50 x10 7 m)’ + (1.60kg(5.00x 10 * m) ) 


—2235x10? kg m*. 


b) See Example 9.9. In this case, œ = v/R,,and so the expression for v becomes 
ya 2gh 
14 (Z/ mR?) 
2 
2 D nur. \(2.00m) naida 
(1+ ((2.25x 107 kg - m^)/ (1.50kg)(0.025m) )) 
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c) The same calculation, with R, instead of R, gives v = 4.95 m/s. This does make 
sense, because for a given total energy, the disk combination will have a larger fraction of 
the kinetic energy with the string of the larger radius, and with this larger fraction, the 
disk combination must be moving faster. 


9.90: a) the case that no energy is lost, the rebound height A is related to the speed 
vby k= +> and with the form for 2 given in Example 9.9, i’ = Tue 
the system as a whole, some of the initial potential energy of the mass went into the 


kinetic energy of the cylinder. Considering the mass alone, the tension in the string did 
work on the mass, so its total energy is not conserved. 


b) Considering 


9.91: We can use K(cylinder)= 250J to find c for the cylinder and v for the mass. 


I-LMR! = 1(10.0 kgY(0.150 m)! = 0.1125 kg -m° 


K -lIo so w= J2K/I = 66.67 rad/s 

v =Ro =10.0 m/s 

Use conservation of energy K, +U, = K, +U,. Take y=0 at lowest point of the 
mass, so y, =Qand y, =#, the distance the mass descends. E, =U, =0 so U, = K, 

mgh — Lmv! +4f@°, where m=12.0kg 

For the cylinder, / = ¿MR? and o - v/R, so +o’ =1 MY". 

mgh — imy! 4 1 My! 


9.92: Energy conservation: Loss of PE of box equals pain in KE of system. 
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1 z 14 2 
Py gh F^ 9 PPh ox box T 5 Die pale 
1 2 
+ J Tories inde 
EN S Bo: 
Oy 7— and eiu. = x 
"n Foylindez 


1 1 1 
mag= 77% + qe 4 qno 


-— magh 
Wee et oat N 
gg ae 
2 
_ {G.00 ke )(9.80 m/s X1.50 m) _ 5 eg m/s 
1.50kg +4(7.00kg) 


9.93: a) The initial moment of inertia is J, = LMR’. The piece punched has a mass of 
££ and a moment of inertia with respect to the axis of the original disk of 


2 2 
M 1 R E R -2 am. 
16| 2\ 4 2 512 


The moment of inertia of the remaining piece is then 


I- 1 yg? — A? = 247 MR? 


2 512 512 


b)I - 4.MR? + M(RI2)! -1(M 169(R/ 4)? = S MR". 


512 


9.94: a) From the parallel-axis theorem, the moment of inertia is 


I, = (2/5)MR? + MZ?, and 
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2-8) 


If R = (0.05)Z, the difference is (2/5)(0.05)’ = 0.001. b) (Z, / ME) = (m, /3MP), which 
is 0.33% when m,,4 = (0.0)M. 


2 


9.95: a) With respect to O, each element 7 in Eq. (9.17) is x; + y, and so 


Ig = mr x Yn +y )= Yma +Emy =I, +,. 


b) Two perpendicular axes, both perpendicular to the washer’s axis, will have the 
same moment of inertia about those axes, and the perpendicular-axis theorem predicts 


that they will sum to the moment of inertia about the washer axis, which is “(R,' + R‘), 
and so Z, =I, =(R,'+R,'). 


c) From Table (9.2), I = b m(L ^) 2 1E. 
Since J, =Z, +7, and Z, =Z, both Z, and Z, must be} ml’. 


9.96: Each side has length a and mass T and the moment of inertia of each side about 


an axis perpendicular to the side and through its center is pHa’ = wa . The moment of 


inertia of each side about the axis through the center of the square is, from the 


perpendicular axis theorem, + anaj = “2” The total moment of inertia is the sum of 


H . . ? ? 
the contributions from the four sides, or 4x *5- = 4&-. 


9.97: Introduce the auxiliary variable Z, the length of the cylinder, and consider thin 
cylindrical shells of thickness dr and radius r; the cross-sectional area of such a shell is 


2a r dr, and the mass of shell is dm = 2x rLp dr = 2x a Lr*dr. The total mass of the 
cylinder is then 
3 
M - [dm 2x Laf E TA 
3 
and the moment of inertia is 


5 
I=|rdm=2r La[' At SEES. age 
o 5 5 
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b) This is less than the moment of inertia if all the mass were concentrated at the edge, as 
with a thin shell with J = MR^, and is greater than that for a uniform cylinder with 


I-LMR', as expected. 
9.98: a) From Exercise 9.49, the rate of energy loss is setae ; solving for the moment of 


inertia Z in terms of the power P, 


| PT? 1  ($x10' W)(0.0331s) 1s 
Ax dTjdt Ax? 4.22x10 ^ s 


38 2 
b) ge |E = [50.0810 ke-m’) 5 ow 1 i, abourlOlem 
2M — V20.4)0.99» 10? kg) 


—1.09 x10? kg- m. 


2nR _ 2n(9.9x10'm) 


c =1.9x10° m/s = 63x10? c. 
) p (0.03315) m 
M M is 3 
d — =———__ = 69x10" k , 
) Y UDR C g/m 


which is much higher than the density of ordinary rock by 14 orders of magnitude, and is 
comparable to nuclear mass densities. 


9.99: a) Following the hint, the moment of inertia of a uniform sphere in terms of the 
mass density is J = 2 MR? =$ pR’, and so the difference in the moments of inertia of 
two spheres with the same density p but different radii 


R, and R is I = p(8z/15) — R^. 


b) A rather tedious calculation, summing the product of the densities times the 
difference in the cubes of the radii that bound the regions and multiplying by 
42/3, gives M = 5.97 x10” ke. c) A similar calculation, summing the product of the 
densities times the difference in the fifth powers of the radii that bound the regions and 
multiplying by 8/15, gives Z = 8.02x10? ke -m° = 0.334MR". 


9.100: Following the procedure used in Example 9.14 (and using z as the coordinate 
along the vertical axis) r(z)= z4,dm = xp; z dz and dI = 7 57 z' dz. Then, 


4 4 
-R iaee] 
2 6 10 & 


I- [at 
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The volume of a right circular cone is V =42R°h, the massis £a band so 


2 
fs {see e = MR’. 


9.101: a) ds =r d8 =r d8 + 80 d0,s0 s(8) =7,0+ 40" .b)Settings = vi = 04 40" 
gives a quadratic in @ . The positive solution is 


at) = ^. - | 42fvi — n| ‘ 


(The negative solution would be going backwards, to values of r smaller than 7, .) 


c) Differentiating, 


The angular acceleration œ, is not constant. d) y, = 25.0 mm; It is crucial that @ is 


measured in radians, so £ = (1.55 m/rev)(1rev/2z rad )= 0.247 »m/rad. The total angle 
turned in 74.0 min = 4440 s is 


r 1 2(2.47 x10 mrad (1.25 m/s)(4440 s) 
2.47 x10 nvrad. V. (25.0x10°m} —25.0x10° m 


=1.337 x10? rad 


which is 2.13 x 10* rev. 


e) 


" OG 2000. 3000 — 2000 MX o lodo 2000 MX) 4mx) SO 
nal tis) 


10.1: Equation (10.2) or Eq. (10.3) is used for all parts. 
a) (4.00m)(10.0 N)sin 90? = 40.00 N - m, out of the page. 
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b) (4.00 m)(10.0 N)sin 120? = 34.6 N- m, out of the page. 
c) (4.00m)(10.0 N)sin 30? = 20.0 N - m, out of the page. 
d) (2.00 m)(10.00 N) sin 60? 217.3 N-m, into the page. 


e) The force is applied at the origin, so t = 0. 
f) (4.00m)(10.0 N)sin 180? - 0. 


10.2: z, = —(8.00 NY 5.00m) = —40.0 N- m, 
7 = (12.0N)(2.00 m)sin 30? =12.0N- m, 


where positive torques are taken counterclockwise, so the net torque is — 28.0 N - m, with 
thc minus sign indicating a clockwisc torquc, or a torquc into the page. 


10.3: Taking positive torques to be counterclockwise (out of the page), 
zı = —(0.090 m)x (180.0 N) 2 —1.62 N m, z; = (0.09 m)(26.0 N) = 2.34 N- m, 


c, = (V2 0.090 m) (14.0 N) 21.78 N -m, so the net torque is 2.50 N- m, with the 
direction counterclockwise (out of the page). Note that for 7, the applied force is 
perpendicular to the lever arm. 


10.4: t +r, --ER4 ER-(F, - FR 
= (5.30 N — 7.50 N)(0.330 m) = —0.726 N- m. 


10.5: a) 
"S 
NG 
he 
T 
lu 
r ~y 
0 
b) Into the plane of the page. 


c) Fx F =[(-0.450 m) i + (0.150 m)j]x [(—5.00 nyi + (4.00 NY] 
= (-0.450 m) (4.00 N) — (0.150 m)(—5.00 N)Å 
- (-1.05 N- n) 
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10.6: (a) ta = (50 N)(sin 609(0.2 m) 28.7 N- m, CCW 
t, =0 
Te = (50 N)(sin 30°)(0.2 m) = 5 N- m, CW 
Tp = (50N)(0.2m) - 10 N- m, CW 


(b) Er-8.7 N. m- 5N- m-10N-m 
=-6.3N-m,CW 
10.7: [=2MR? + 2mR?, where M — 8.40kg, m= 2.00ke 


I — 0.600 kg - m 
ty = 75.0 rpm = 7.854 rad/s; co = 50.0 rpm = 5.236 rad/s; £ = 30.05, a =? 


to = tx + at gives a = —0.08726 rad/s’ ; 
Ir = la, t; =fa=—0.0524N-m 


400 rev/min x 22 
10.8: a) cle E98. A OU r e 
At (8.00s) 


2 
TES RL I E N A ms 77 aia =2.19x10 J. 
2 2 60 rev/min 


10.9: v= 42as = J2(0.36 m/s? (2.0 m) = 1.2 m/s, the same as that found in 


Example 9-8. 


10.10: wet LN LS a m) L > 00 rad/s*. 
E g (5.0 kg-m ) 


10.11: a) E E L ete 
1+2m/M 1+ 2m/M 


b) This is less than the total weight; the suspended mass is accelerating down, so the 
tension is less than mg. c) As long as the cable remains taut, the velocity of the mass 
does not affect the acceleration, and the tension and normal force are unchanged. 
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10.12: | a) Thecylinder does not move, so the net force must be zero. The cable exerts 
a horizontal force to the right, and gravity exerts a downward force, so the normal force 
must exert a force up and to the left, as shown in Fig. (10.9). 

b) n- 4(9.0 NY + (50 ke)(9.80 m/s? f 490 N, at an angle of arctan (22.)=1.1° from the 
vertical (the weight is much larger than the applied force F ). 


n Rn 2n 


Ü rev/min 
= 0.482. 
2(7.50s)(160 N) 


10.14: (a)Falling stone: g — laf 
12.6m=+a(3.00s) 
a - 2.80 m/s? 
Stone : X F = ma:mg -T —ma(l) 
Pulley: r = fa:TR=1MR’a = L MR' (2) 


T =4Ma(2) 
Solve (1) and (2): 
xy -MÍ 2 (B5, 2.80 n/s* 
2\g-a 2. /A9.80m/s* — 2.80 m/s? 
M = 2.00 ke 
(b)From (2): 
T -jMa- 5 (0.0 kg) (2.80.0) 
T-140N 


10.15: f=4mR? =1(8.25kg\X0.0750m) = 0.02320 kg -m° 


www.FreeLibros.me 


& = 220 rpm = 23.04 rad/s; co = 0; 8 — 8, = 5.25 rev = 33.0 rad, a=? 
to” = d + 2a(8 — 8, )gives a = —8.046 rad/s” 

Xr - la 

Er-:,-—fR--g,uR 


eR aoc aT 
HR 


10.16: This is the same situtation as in Example 10.3. a) T =mg/(1+ 2;2n/ M) — 42.0 N. 


b) v2 42 gh/(14 M/2m =11.8 m/s. c) There are many ways to find the time of fall. 
Rather than make the intermediate calculation of the acceleration, the time is the distance 
divided by the average speed, or #/(v/2)=1.69s. — d) The normal force in Fig. 


(10.10(b)) is the sum of the tension found in part (a) and the weight of the windlass, a 
total 159.6 N (keeping extra figures in part ( a)). 


10.17: See Example 10.4. In this case, the moment of inertia 7 is unknown, so 
a, = (ms g)/ (my +m, + (F/R?) a) a, =2(.20m)/(0.80s) = 3.75 mvs’, 
sof, ma, = 7.50N and T, = m,(g - a,)-18.2 N. 
b) The torque on the pulley is (7, -Á pa = 0.803 N- m, and the angular acceleration is 
a = a [R = S0rad/s^,so I = t/a. — 0.016 kg - m°. 


10.18: a= 


10.19: The acceleration of the mass is related to the tension by Ma, =A¢g—T, and the 


angular acceleration is related to the torque by 
Ia-:-TR,ora,, - T/ M, where a= a, / RSt and J = MR^ have been used. 


a) Solving these for T gives T = Mg/2 = 0.882 N. b) Substituting the expression for T 
into either of the above relations gives a „ = g/2, from which 


pe Pijan = JAh/g —0.553s. C) 0 - v, JR = a, t/ R = 33.9 rad/s. 
10.20: See Example 10.6 and Exercise 10.21. In this case, 
K, = M% andv,, = | gh, o = v,,,/R = 33.9 rad/s. 


10.21: From Eq. (10.11), the fraction of the total kinetic energy that is rotational is 
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(1/2y. io? S 1 NER 
(/2)MV2, +W  1«(M/L, v2.) — 1 
where v... = Ro for an object that is rolling without slipping has been used. 
a) Z = (1/2)MR?,so the above ratio is 1/3. b)I = (2/5)MR °, so the above ratio is 


2/7. c) = 2/3 MR., so the ratio is 2/5. d)Z = 5/8MR°, so the ratio is 5/13. 


10.22: a) The acceleration down the slope is a = gsin@— f. the torque about the 
center of the shell is 


c=Rf =la -IT-IMR = == MRo, 
R R 
sod - 4a. Solving these relations a for f and simultaneously gives $a = gsin &, or 


a- =ssind == (9.80mn/s*)sin 38.0? = 3.62m/s’, 


Fi = Ma = em —4.83 N. 
The normal force is Mg cos 8 , and since f X n,n, 


b)a-3.62 m/ s? since it does not depend on the mass. The frictional force, however, 
is twice as large, 9.65 N, since it does depend on the mass. The minimum value of x, also 
does not change. 


10.23: 


my sinô 


mg COE 


, n=mgceos a 
mg mgsin 8 — u,mgcos 8 = ma 
gísin 8 — u, cos 8) — a (eq.1) 
n and mgact at the center of the ball and provide no torque. 
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Èr=r; = umgcos8R;I = 2mR* 
Èr = Ja gives umgcos 8 =2mR*a 
No slipping means a= a/R, so j,gcos0— 2a  (eq.2) 
We have two equations in the two unknowns a and 4,. Solving gives 
a=2gsin@and p, —2 tan& = 2 tan65.0? = 0.613 

b) Repeat the calculation of part (a), but now 7 — 2mR’. 
a=2gsin@and gp, = 2 tan& = 2 tan65.0? = 0.858 


The value of 4, calculated in part (a) is not large enough to prevent slipping for the 
hollow ball. 


C) There is no slipping at the point of contact. 
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LEN in 
N gÉ d 


2 
att 


Mm * 
Rong * M 7" Sineoth 


fou slipping) Wiss T £ Mau Ro for no slipping 


a) Get v at bottom: 


mgh = zm += Teo" 
mgh =—mv' + xe a 
24:5 R 
10 
= |— gh 
v 7 g 


Now use energy conservation. Rotational KE does not change 


1 A 
"^ + KE,,, = mgh + KE, 


yo’ R8 _5, 
2g 2g Y 


(b) mgh = mgh' — hk’ = h With friction on both halves, all the PE gets converted 
back to PE. With one smooth side, some of the PE remains as rotational KE. 


10.25: wk -W, = K, = (1/2), w^o +4mv' em 


Solving for & with v.,, = Rw 


i t (zy }[@.800)(0.600 m)’ (25.0 rad/s) + (0.600 m) (25.0 rad/s)’ ] 
3500 J 


——— =11].7m. 
392 N 
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10.26: a) 


Ww 
The angular speed of the ball must decrease, and so the torque is provided by a friction 
torce that acts up the hill. 


b) The friction force results in an angular acceleration, related by Ja = f/R. The 
equation of motion is mg sin / — f = ma,,, and the acceleration and angular acceleration 
are related by 2. = Ra (note that positive acceleration is taken to be down the incline, 
and relation between a, and « is correct for a friction force directed uphill}. 
Combining, 


mg sinf = vd + =) = ma(7/5), 
mR 


from which a,n = (5/ Tje sinf. c) From either of the above relations between if fand 


a 


‘cm? 


alw 


2 
f Ex 5 Gem a mg sin £ S BH E HME cos B, 


from which y, > (2/7)tan £. 


10.27: a) œ =aAt=(FR/E)At= (18.0 NX2.40 my (2100 ke - m? )\15.0s) = 0.3086 rad/s, 
or 0.309 rad/s to three figures. 

b) W = K, = (2) = (1/2)« (2.00 kg - m^ X0.3086 rad/s = 1007. 

c) Fromeither P= tone or P = W/At, P = 6.67 W. 


? (2400 rev/min) 2-2 
30 rev/min 


b) W = «A9 — (519 N- m\2x)= 32611. 
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Nai she 
At 


((1/2).50keX0.100 mÝ J1200 rev/min) = rad/s | 
E mx — EE 


2.58 
— 0.377 N. m. 


(600 rev/min 2.5 s) 


b) Q, At = - 25.0 rev — 157 rad. 
60 s/min 
c) zAB.—592.]. 
d) K= i 
2 
2 
= l(1/2)0.5kg0.100 m)*)| 1200 revinin{ 105. 
2; 30 rev/min 
—592 J, 
the same as in part (c). 
10.30: From Eq. (10.26), the power output is 
P=10=(430N 4800 pimin 2L. PS -2161W, 
60 rev/min 


which is 2.9 hp. 


10.31: a) With no load, the only torque to be overcome is friction in the bearings 
(neglecting air friction), and the bearing radius is small compared to the blade radius, so 
any frictional torque could be neglected. 


ij gs. ee 3 taai ER 
(2400 rev/min] —-—““* - (0.086 m) 
30 rev/min 


10.32: I -imI? =1(117kg)(2.08 my. = 42.2 kg - m? 


a) j,í.1 Num = 46.2 rad/s”. 
I 42.2ke-m 


b o-442a8- 4 2(46.2 rad/s? )(5.0 rev x 27 rev) = 53.9 rad/s. 
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c) From either W = K = jo or Eq. (10.24), 
W = 18 = (1950 N.m)(5.00 rev x 2x rad/rev) = 6.13 x10* J. 


d), e) The time may be found from the angular acceleration and the total angle, but the 
instantaneous power is also found from P = zc — 105 kW(141hp). The average power is 
half of this, or 52.6 kW. 


10.33: a) z= P/c = (150x10* w)/ («e tevimin = a J =358N-m. 
rey/min 


b) If the tension iu the rope is F,F =w andso w= YR =1.79x10 N. 


c) Assuming ideal efficiency, the rate at which the weight gains potential energy is the 
power output of the motor, or wv = P,sov = P/w=83.8 m/s. Equivalently, v= cR. 


10.34: Asa point, the woman’s moment of inertia with respect to the disk axis is mR*, 
and so the total angular momentura is 


Ecl Vpn aa a9 E + n Re 


- (žno kg + 50.0 ke \a.o0 m)? (0.500 rev/s x 2x rad/rev) 


— 5.28 x 10* ke - m? /s. 


10.35: a) mw sinp - 115kg-m^/s, with a direction from the right hand rule of into the 
page. 


b) dL/dt =t = (2 kg)(9.8 N/kg)- (8m)-sin(909 — 36.9?) -125 N -m —125 kg m? /s' , 
out of the page. 


10.36: For both parts, Z = fw. Also, œ =v/r, soL = I(vír). 


a) L =(mr*)\(v/r) = mvr 
L= (5.97 x10” kg)(2.98 x10* m/s)(1.50x10" m) = 2.67 x 10 kg - m^/s 
b) Z — (2/ 5n? eo) 
L= (2/5)(5.97 x10" k&)(6.38 x 10* m) (2x rad/(24.0 hr x 3600 s/hr)) 
= 7.07 x10? kg- m'/s 
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10.37: The period of a second hand is one minute, so the angular momentum is 


Ed. pum 
ae 


-3 
-|$9x10 ke (150x107 my 27 = 4.7110 ke m'/s. 
3 60s 


10.38: The moment of inertia is proportional to the square of the radius, and so the 
angular velocity will be proportional to the inverse of the square of the radius, and the 
final angular velocity is 


2 5 2 
s eA] -( e — Yoon km)’ _ 4 6105 nas 
R, (304)(86,400 s/d 16 km 


10.39: a) The net force is due to the tension in the rope, which always acts in the radial 
direction, so the angular momentum with respect to the hole is constant. 


b) L —-moyr,L, -moyr, and with Z, = Z, = c (/ »,). = 7.00 rad/s. 
c) AK = (I/2)m((to,r, Y. — (c m.) = 1.03 x10? J. 
d) No other force does work, so 1.0310 J of work were done in pulling the cord. 


10.40: The skater's initial moment of inertia is 

I, = (0.400 ke - m! )4 (8.00 kg)(1.80 m)? = 2.56 ke - m*, 
and her final moment of inertia is 

L, = (0.400 ke - m°) + (8.00 kg)(25 x10 m) - 0.9 kg - m’. 


Then from Eq. (10.33), 


(9, = wl = (0.40 rev/s) 


2.56 kg - m? 
re 0.9 


-m 
=1.14 rev/s. 
kg- m’ / 


Note that conversion from rev/s to rad/s is not necessary. 
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10.41: If she had tucked, she would have made (2) (3.6 kg - m^ )/18 kg- m^) - 0.40 rev in 
the last 1.0 s, so she would have made (0.40 rev)(1.5/1.0) = 0.60 rev in the total 1.5 s. 


10.42: Let 
I, =I, - 1200kg - m, 
I, = 1, + mR? -1200kg- m* + (40.0kg)(2.00 m)? = 1360ke - m". 


Then, from Eq. (10.33), 


2 
®, = TEN = parea ken = 0.924rad/s. 
1, 6.00 s /1360 ke.m 


10.43: — a) From conservation of angular momentum, 


£ (/2MR^ —— 1 


(5 = 2, —————— = w 


: fee, ee RT: 
lI +m  '(1/2)MR?+mR? 14 2m/M 


-. 30rad/s 55 rad/s 
1+ 2(70 y120 


or 1.39 rad/s to three figures 

b) K, = (1/2Y1/2Y120 kg 2.00 my (3.00 rad/sY — 1.80 kJ, and 
K, = (2X5, + (70 kg 2.00 mY Ja = 4993. In changing the parachutist's horizontal 
component of velocity and slowing down the turntable, friction does negative work. 


10.44: Let the width of the door be /; 
I (3M? -m(2y 


___(0.500kg}12.0m/s\0.500m) —— oy 


(1/3X40.0 kg X1.00 mY + (0.500 ke 0.500 m 


Tgnoring the mass of the mud in the denominator of the above expression gives 
co — 0.225 rad/s, so the mass of the mud in the moment of inertia does affect the third 
significant figure. 


10.45: Apply conservation of angular momentum Z, with the axis at the nail. Let object 
A be the bug and object B be the bar. 


Initially, all objects are at rest and £, = 0. 
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Just after the bug jumps, it has angular momentum in one direction of rotation and the 
bar is rotating with angular velocity co, in the opposite direction. 


L, =m" - yo, wherer 21.00 mand, =1m,r° 


L = L, gives myar =+ mr Oz 


_ 3myv, 
aA 


= 0.120 rad/s 


Mm 


10.46: 
Pivot After: 


L 
Va | fis " 
m. 
| 
(a) Conservation of angular momentum: 
mnd =—myd +m, L w 
1| 90.0N 2 
(3.00 ke)(10.0 m/s) (1.50 m) = —(3.00 ke)(6.00 m/s)(1.50 m) + omen joo m) co 
.80 m/s 


co = 588 rad/s 


(b) There are no unbalanced torques about the pivot, so angular momentum is 
conserved. But the pivot exerts an unbalanced horizontal external force on the system, so 


the linear momentum is not conserved. 


10.47: 
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10.48: a) Since the gyroscope is precessing in a horizontal plane, there can be no net 
vertical force on the gyroscope, so the force that the pivot exerts must be equal in 
magnitude to the weight of the gyroscope, 


F = o = mg = (0.165 kg 9.80 m/s" )- 1.617 N, 1.62 N to three figures. 
b) Solving Eq. (10.36) for c, 
Q'9R.— (1.617 N) (4.00107 m 
IQ (1.2010 kg - m^ )(2z)rad/2.20s 
which is 1.80x10* rev/min. Note that in this and similar situations, since Q appears in 
the denominator of the expression for c, the conversion from rev/s and back to 
rev/min must be made. 


— 188.7 rad/s, 


c) 


mY 


2322 
10.49: a) >" Q/2XQ/2MR Jo" 


P 
| (/2)(1/ 2)(60,000 kg)(2.00 mÝ \(500 rev/min) = 22 Jf 
746x10* W 
= 2.21x 10? s, 
or 36.8 min. 
b)r - Mo 


= (1/2)(60,000 kg)(2.00 m)^(500 evimin) Z X Jovis (22 3 
30 rev/min 360? 


=1.10x10° N-m. 


10.50: Using Eq. (10.36) for all parts, a) halved — b) doubled (assuming that the 
added weight is distributed in such a way that v and/ are not changed) c) halved 
(assuming that w and x» are not. changed) d) doubled — e) unchanged. 


www.FreeLibros.me 


10.51: a) Solving Eq. (10.36) for t,t = Zo Q= (2/ )MR'c Q Using o — 22 and 


364005 
2x 
= (5, 000 yy3.175x10? sh) 


t 54x10? N- m. 


and the mass and radius of the earth from Appendix F, 


10.52: a) The net torque must be 


2x rad/s 
" 120 rev/min Y eb ; 
r= a= I-. = (186kg - m?) eva Nr 
At (9.00 s) 


This torque must be the sum of the applied force FR and the opposing frictional torques 
Tę at the axle and. fr = jj nr due to the knife. Combining, 


F= že Tcp pnr) 


1 


~ 0.500m 
= 68.1N. 


((2.60N-m) + (6.50 N- m) + (0.60)(160 N)(0.260 m)) 


b) To fete a constant angular velocity, the net torque c is zero, and the force F“ is 
F' =~ —(6.50N-m+ 24.96 N-m)=62.9N. c) The time t needed to come to a stop is 


found by taking the magnitudes in Eq. (10.27), with c — c, constant; 


p Z eb (120 rev/min x 35 22 J(.S6kg-m") , 6 


ME (6.50 N-m) 


Note that this time can also be found as ¢ = (9.00 5281. 


10.53: a) aii SON I, o sania om’, 


Bo m (100 evimin) = nes 
30 rev/min 


b) Rather than use the result of part (a), the magnitude of the torque is proportional to 
& and hence inversely proportional to | Aż | ; equivalently, the magnitude of the change in 
angular momentum is the same and so the magnitude of the torque is again proportional 
to 1/| At|. Either way, z, = (5.0 N- m2 = 0.080 N-m. 
8 
c) c, At (50.0 rev/min (125 s)(1 min/60 s)= 104.2 rev. 


10.54: a) The moment of inertia is not given, so the angular acceleration must be found 
from kinematics; 
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£^ ^ (0.30m)(2.00sy - 
b) at= (3.33 rad/s (2.00 s)=16.67 rad/s. 
c) The work done by the rope on the flywheel will be the final kinetic energy; 
K =W = Fs =(40.0N)(5.0m)= 200 J. 


d) ee iie 
o^ (16.67 rad/s) 


10.55: a) P= tø =rat=t| — E ez z ; 
I I 


b) From the result of part (a), the power is (5 00 w) (y =4.50 kW. 

c) P-us-t2a0 = cfc i I) = v" air. 

d) From the result of part (c), the power is ( (500 We p ý? 2.6kW. e)No;the 
power is proportional to the time * or proportional to the square root of the angle. 


10.56: a) From the right-hand rule, the direction of the torque is ix j =k, the +z 
direction. 


b) c) 


d) The magnitude of the torque is F,(x —x^/7), which has it maximum at //2. The 
torque at x — 7/2 is F, //4. 


10.57: 2 eT 


The angle in radiants is 7/2, the moment of inertia is 
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(1/3)((750 N)/(9.80 m /s^ 1.25 m)y' = 39.9 kg - m° 


and the torque is (220 N)(1.25 m) - 275 N- m. Using these in the above expression gives 
t? —0.455s?, so t= 0.6755. 


10.58: a) From geometric consideration, the lever arm and the sine of the angle 
between F'andF are both maximum if the string is attached at the end of the rod. b) In 
terms of the distance x where the string is attached, the magnitude of the torque is 
Fx Vx? -- h^. This function attains its maximum at the boundary, where x=, so the 


string should be attached at the right end of the rod. — c) As a function of x, / and 2, the 
torque has magnitude 
xh 


Ja- +2? 


This form shows that there are two aspects to increasing the torque; maximizing the lever 
arm ? and maximizing sin ø. Differentiating r with respect to x and setting equal to zero 


gives x... = a/a + (2 hii)? ). This will be the point at which to attach the string unless 
2h >}, in which case the string should be attached at the furthest point to the right, x =?. 


10.59: a)A distance L/4 from the end with the clay. 
b) In this case 7 = (4/ 3)MI. and the gravitational torque is 
(3L/AY2.Mg) sin? = (3Mg L/2)sin8, so æ = (9 g/8L)sin 8. 
c) In this case 7 = a/ 3)MZ’ and the gravitational torque is 
(L/4)(2Mg) sin 8 = (Mg L/2)sin 8, so æ = (3g/2L)sin 8. This is greater than in part (b). 
d) The greater the angular acceleration of the upper end of the cue, the faster you would 
have to react to overcome deviations from the vertical. 


10.60: In Fig. (10.22) and Eq. (10.22), with the angle @ measured from the vertical, 
sin 2 —cos8 in Eq. (10.2). The torque is then += FRcos8. 


j2 
a) w=[ FRcos8 d 8 = FR 
b) In Eq. (6.14), d! is the horizontal distance the point moves, and so WF = Ffa =FR; 


the same as part (a). c) From K, = W = (MR /Ayo c — JAF/MR. — d) The 
torque, and hence the angular acceleration, is greatest when @ = 0, at which point 
a= (z/ I) - 2F/MR , and so the maximum tangential acceleration is 2F/M. e) 
Using the value for œ found inpart. (c), 4,, = 9/R -4F/M. 


www.FreeLibros.me 


10.61: The tension in the rope must be »(g +a) — 530 N. The angular acceleration of 
the cylinder is a/R — 3.2 rad/s’, and so the net torque on the cylinder must be 9.28 
N-m. Thus, the torque supplied by the crank is 

(530 N)(0.25 m) + (9.22 N - m) 2 141.8 N- m, and the force applied to the crank handle is 
142 — 1.2 kN to two figures. 


10.62: At the point of contact, the wall exerts a friction force f directed downward and a 
normal force z directed to the right. This is a situation where the net force on the roll is 
zero, but the net torque is rof zero, so balancing torques would not be correct. Balancing 
vertical forces, F._, cos@ = f + w+ F,and balacing horizontal forces 


F.,8sin8 = n. With f = un, these equations become 


F acos — un +F 4 w, 


F, sind =n. 


(a) Eliminating z and solving for F} gives 


- cosó- 4 3108 cos 30? — (0.25)sin 30? 


b) With respect to the center of the roll, the rod and the normal force exert zero 
torque. The magnitude of the net torque is (F — f)R,and f = un may be found 
insertion of the value found for F.,, into either of the above relations; i.e., 
f= HE sing =33.2 N. Then, 


10.63: The net torque on the pulley is 7R, where T is the tension in the string, and 
a= TR/I. The net force on the block down the ramp is mg(sin £ — p, cos £) — T = ma. 


The acceleration of the block and the angular acceleration of the pulley are related by 
a — oR. 


a) Multiplying the first of these relations by 7/R and eliminating « in terms of a, and 
then adding to the second to eliminate 7 gives 


(sin Z- acos £) _ g(sin £- mcos £) 
m+ R (rmm) C 


a=mg 
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and substitution of numerical values given 1.12 m/s”. b) Substitution of this result into 
either of the above expressions involving the tension gives T= 14.0 N. 


10.64: Fora tension 7 in the string, mg — 7 = ma and TR = Ja = 7 4. Eliminating 7 and 
solving for a gives 
m = £ 


ERR a 


where m is the mass of the hanging weight, J is the moment of inertia of the disk 
combination (z =2.25x10” kg m* from Problem 9.89) and R is the radius of the disk to 
which the string is attached. 
a) With m = 1.50 kg, R-2.50x10 ^m, a = 2.88 ms’. 
b) With m = 1.50 kg, R = 5.00x10 m, a = 6.13 m/s’. 
The acceleration is larger in case (b); with the string attached to the larger disk, the 
tension in the string is capable of applying a larger torque. 


10.65: Taking the torque about the center of the roller, the net torque is /R = aZ, 
I = MR’ for a hollow cylinder, and with œ = a/ R, f = Ma (note that this is a relation 


> > 
between maenitudes; the vectors f and a are in opposite directions). The net force is 
F — f = Ma, from which F = 2Ma andso a= F/2M and f =F/2. 


10.66: The accelerations of blocks 4 and B will have the same magnitude a. Since the 
cord does not slip, the angular acceleration of the pulley will be œ =4. Denoting the 


tensions in the cord as T, and 7,, the equations of motion are 


m,g—-T,-m,a 


To -Mpg = Mpa 


where the last equation is obtained by dividing r = /& by R and substituting for œ in 
terms of a. 


Adding the three equations eliminates both tensions, with the result that 
m Ma Ms, 
Fin, em, IR 


Then, 
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T Ma Ms 


wot or ree 
R °m,Rt+m,R+I/R 


The tensions are then found from 


2m,m, +m IJR? 
T, -m,(g—-a)-g——5———55—— 
- ug cu) g m, mg 4 I| R2 
2m,m , ^ m, I/R? 
T, = mp (g +a)= g ———4————-. 
* s(g+a)=g m, mg I/ R7 


As a check, it can be shown that (7, —7,)R = Ia. 


10.67: For the disk, K = (3/ AMY (see Example10. 6). From the work-energy theorem, 
K, = MgL sinf, from which 


L=——— = — —0957m 


This same result may be obtained by an extension of the result of Exercise 10.26; for the 
disk, the acceleration is (2/3)g sin £, leading to the same result. 

b) Both the translational and rotational kinetic energy depend on the mass which 
cancels the mass dependence of the gravitational potential energy. Also, the moment of 
inertia is proportional to the square of the radius, which cancels the inverse dependence 
of the angular speed on the radius. 


10.68: The tension is related to the acceleration of the yo-yo by (2m)g — T =(2m)a, and 
to the angular acceleration by Tb = Ja = 7 ¢. Dividing the second equation by b and 
addins to the first to eliminate 7' yields 


zm S .» 2 qp 
Omal SRY ^ "254 RYE 


where 7 = 24mR* = mR* has been used for the moment of inertia of the yo-yo. The 
tension is found by substitution into either of the two equations; e.g., 
2 (Rib)? 2mg 
T -(Q2myYg-a)- (2mg)|1l -2mg——————-- 


"21 (Ry) ^5, (RIbY QR) 1 
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10.69: a) The distance the marble has fallen is y = -— (2R—r)—- & r - 2R. The 
radius of the path of the center of mass of the marble is R — r, so the condition that the 
ball stay on the track is v^ = g(R—r). The speed is determined from the work-energy 
theorem, mgy = (1/2)mv? + (1/2)/9*. At this point, it is crucial to know that even for the 
curved track, œ = v/r; this may be seen by considering the time T to move around the 
circle of radius R —r at constant speed V is obtained from 2x (R-—r)= Vt, during which 
time the marble rotates by an angle 27 (4 -= 1) =f, from which œ= V/r. The work- 


energy theorem then states mgy =(7/10)mv’, and combining, canceling the factors of m 
and g leads to (7/10)(R — r) 2 &-- v —2R, and solving for & gives 

k= (27/0)R — (17/10)r. b) In the absence of friction, mgy = (1/2)mv^, and substitution 
of the expressions for y and v^ in terms of the other parameters gives 

(1/2)(R —r) = k- r - 2R, which is solved for & = (5/2)R — (3/2)r. 


10.70: In the first case, F and the friction force act in opposite directions, and the 
friction force causes a larger torque to tend to rotate the yo-yo to the right. The net force 
to the right is the difference F — f, so the net force is to the right while the net torque 
causes a clockwise rotation. For the second case, both the torque and the friction force 
tend to turn the yo-yo clockwise, and the yo-yo moves to the right. In the third case, 
friction tends to move the yo-yo to the right, and since the applied force is vertical, the 
yo-yo moves to the right. 


10.71: a) Because there is no vertical motion, the tension is just the weight of the hoop: 
T = Mg =(0.180kg)(9.8N/kg)=1.76N b)Use r = Ja to find a. The torque is 


RT,soa- RT/I- RT|MR! - T! MR- Mg| MR, 
soa = g/R = (9.8 m/s^ J/(0.08 m) - 122.5 rad/s? 

c) a = Ra - 9.8 m/s? 

d) T would be unchanged because the mass M is the same, œ and a would be twice as 
great because J is now £MR'. 


10.72: (a)Zr = Ie anda, = Ra 
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PR = + yr?a = ly 
2 2 R 
2P 200N 


Distance the cable moves: x = 4 ai? 
50m = ~(60 mV/s? e? 5 ¢=1.41s. 


v =v + at = 04 (50 m/s? )(1.415)- 70.5 m/s 


(b) For a hoop, Z = MR? , which is twice as large as before, so œ anda, would be 
half as large. Therefore ihe time would be louger. For the speed, v" = v; + 2ax, iu which 
x is the same, so v would be smaller since a is smaller 


10.73: Find the speed v the marble needs at the edge of the pit to make it to the level 


ground on the other side. The marble must travel 36 m horizontally while falling 
vertically 20 m. 


Use the vertical motion to find the time. Take + y to be downward. 
va =0,a, — 9.80 m/s", y — y, = 20m, t=? 
y- y =f * 1a, givest 22.02 s 
Then x — x, =Vo,f gives vj, =17.82 m/s. 
Use conservation of energy, where point 1 is at the starting point and point 2 is at the 
edge of the pit, where v= 17.82 m's. Take y= 0 at point 2,80 y, = Oand y = 7. 
K,+U, - K,4U, 
mgh = tmy’ +4i@° 


Rolling without slipping means c =v/r. I 2 2mr!, sot Jo’ 2 imy' 


l0g 10(9.80m/s^) 
b) LIo? =4 my’, Independent of r. 


C) Allis the same, except there is no rotational kinetic energy term in K : K = tmy? 
mgh = tmy? 
2 


h E —16m,0.7 times smaller than the answer in part (a). 
g 


10.74: Break into 2 parts, the rough and smooth sections. 
Rough : mgh, = 1mv, +410? 
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2 
mv + KE, 


Bottom 


= [Foso m/s? )(25 m)+2(9.80 m/s? 25 m) 


= 29.0 m/s 


10.75: | a) Use conservation of energy to find the speed v, of the ball just before it 
leaves the top of the cliff. Let point 1 be at the bottom of the hill and point 2 be at the top 
of the hill. Take y — 0 at the bottom of the hill, so y, = Qand y, = 28.0 m. 

K +U =K, +U, 

myi llo, =mgy, +4mv;+4leo; 

Rolling without slipping means o — v/r andi fo” =4(2mr?)(vir)? - im? 


i d H 2 
ipw, —mgy, + Tg MV, 


v, = uv, -£ gy, =15.26 m/s 
Consider the projectile motion of the ball, from just after it leaves the top of the cliff 
until just before it lands. Take + y to be downward. 
Use the vertical motion to find the time in the air: 
vy, = 0,2, 29.80 m/s’, y- y, 228.0 m, t=? 
y— y 7 wt 1a,£ givest — 239s 
During this time the ball travels horizontally x — x, = v,¢= (15.26 m/s)(2.39 s) - 36.5 m. 


Just before it lands, v, =v, a£ 23.4 sand v, =v, =15.38 v= Jv? + v? = 28.0 m/s 
b) At the bottom of the hill, 2 —v/r = (25.0 m/s)r. The rotation rate doesn't change 


while the ball is in the air, after it leaves the top of the cliff, so just before it lands 
w=(15.3s)r. The total kinetic energy is the same at the bottom of the hill and just before 


it lands, but just before it lands less of this energy is rotational kinetic energy, so the 
translational kinetic energy is greater. 
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10.76: (a)mgh — jm + zio (1) 


I-2lg4ig4s-M,R + dina) 


Uniform density means: m, — A2zR and m, = AR. No slipping means that c» — v/R. 
Also, m — m, +m, = 2nRA- 6RA— 2RA(x + 3) substituting into (1) gives 


2RA(x + 3)gh = ZOR) +3\Ray + 5) sea + 6 Fare’ J 


2 
- ZE ho |(x+3 uit. 580m). 1, rad/s 
YR (n4 2) (0.210 mY (x 4-2) 


and v = Rw = 26.0 m/s 


(b) Doubling the density would have no effect because it does not appear in the answer. 
& a, so doubling the diameter would double the radius which would reduce 


c by half, but v = Rw would be unchanged. 


10.77: a) The front wheel is turning at œ = 1.00 rev/s = 27 rad/s. 
v = ro = (0.330 m)(21 rad/s) = 2.07 s 
b) c = v/r = (2.07 m/s)/(0.655 m= 3.16 rad/s = 0.503 rev/s 
c) œ = vfr = (2.07 m/s)/(0.220 m) = 9.41 rad/s = 1.50 rev/s 


10.78: a) The kinetic energy of the ball when it leaves the tract (when it is still rolling 
without slipping) is (7/10)mv^ and this must be the work done by gravity, W = mgh, so 
v= J10gh/7. The ball is in the air for a time t= 42y/g, so x= vt = 420hy/7. 


b) The answer does not depend on g, so the result should be the same on the moon. 
C) The presence of rolling friction would decrease the distance. 


d) For the dollar coin, modeled as a uniform disc, X = (3/4)mv’ , and so x = 48%y/3. 


(10X0.800)(1/2)(400 N/m)(0.15 my 


10.79: - 
d 7(0.0590 kg) 


=9.34 m/s. 


b) Twice the speed found in part (a), 18.7 m/s. — c) If the ball is rolling without 


slipping, the speed of a point at the bottom of the ball is zero. d) Rather than use the 
intermediate calculation of the speed, the fraction of the initial energy that was converted 
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to gravitational potential energy is (0.800)(0.900) so (0.720) (1/2 kx* = mgh and solving 
for h gives 5.60 m. 


10.80: a) 


yt i i iy E i A d s 
! 5 10 13 


b) Risthe radius of the wheel (y varies from 0 to 2R) and T is the period of the 
wheel’s rotation. 
c) Differentiating, 


d) v, =v, =0 when (=) = 2 or any multiple of 2x, so the times are integer 


multiples of the period T. The acceleration components at these times are 
Ax R 
a, — 0, a, = uem 


2 2 
ej dala = (=) R eo 22) sin? (=) = MR > 
u T T T T 


independent of time. This is the magnitude of the radial acceleration for a point moving 
on a circle of radius R with constant angular velocity . For motion that consists of this 


circular motion superimposed on motion with constant velocity (a = 0), the acceleration 
due to the circular motion will be the total acceleration. 


10.81: For rolling without slipping, the kinetic energy is (1/2)(m « Z/ R^ V? = (5/6)nv’; 
initially, this is 32.0 J and at the return to the bottom it is 8.0 J. Friction has done — 24.0 J 
of work, —12.0 J each going up and down. The potential energy at the highest point was 
20.0 J, so the height above the ground was OCUPA PETI =3.40m 


10.82: Differentiating , and obtaining the answer to part (b), 
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2/3 
o= - =3bř = -3(¢ = 3p? | 
43 
TN. E ae 2) = 6p g^. 
di b 


9 


a) W = | 1,0 dð = 6b” 7, |0'^289 — —r,. b? 9^, 
cm cm 2 cin 


c) The kinetic energy is 
K= lp - 27 pe, 
2 2 


in agreement with Eq. (10.25); the total work done is the change in kinetic energy. 


10.83: Doing this problem using kinematics involves four unknowns (six, counting the 
two angular accelerations), while using energy considerations simplifies the calculations 
greatly. If the block and the cylinder both have speed v, the pulley has angular velocity 
wR and the cylinder has angular velocity v/2R, the total kinetic energy is 


2 
LE mE DT (g2Ry + IN IR? aan = as? 


This kinetic energy must be the work done by gravity; if the hanging mass descends a 
distance y, K = Mgy, or y! = (2/3)gy. For constant acceleration, y= 2ay, and 
comparison of the two expressions gives a= g/3. 


P Lf 
^ di Dt = La 
Ec A se 
Pivot meco = lala 
2 3 
3 cos (9.80 m/s^) cos 60? 
a=—g—— BÓ = 0.92 rad/s 
FI -(3) 8.00m d 


(b) As the bridge lowers, @ changes, so« is not constant. Therefore Eq. (9.17) is 
not valid. 


(c) Conservation of energy: 
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PE, - KE, > mgh= jte! 


mg sin Abe y 


ics 3g sin8 
Y L 
2332 o 
- [368 m/s )sin 60 - 1.78 rad/s 
8.00m 


10.85: The speed of the ball just before it hits the bar is v = 428gy 215.34 m/s. 


Use conservation of angular momentum to find the angular velocity w of the bar just 
after the collision. Take the axis at the center of the bar. 


L, = mwr = (5.00 kg)(15.34m/5)(2.00 m)=153.4 kg -m° 
Immediately after the collsion the bar and both balls are rotating together. 
L, =p 


É = TMi FUN NM. (8.00kg )(4.00 m) + 2(5.00 kg (2.00 m) = 50.67 kg- m° 


12 
L,-L,-1534 kg. m* 
c = L fI —3.027 rad/s 

Just after the collision the second ball has linear speed 
v= rw (2.00 m)(3.027 rad/s)- 6.055 m/s and is moving upward. 


jm — mgy gives y —1.87 mfor the height the second ball goes. 


10.86: a) The rings and the rod exert forces on each other, but there is no net force or 
torque on the system, and so the angular momentum will be constant. As the rings slide 
toward the ends, the moment of inertia changes, and the final angular velocity is given by 


Eq. (10.33), 
I, LMP + 2mr’ 5.00x10* ke-m^ o, 
k 2e Ms I AH Va) ETET E e S a qd 
3 T +2mr; 2.00«10 ke.m' 4 
ans soc, = 7.5 rev/min. Note that conversion from rev/min to rad/s is not necessary. 


b) The forces and torques that the rings and the rod exert on each other will vanish, but 
the common angular velocity will be the same, 7.5 rev/min. 


10.87: The intial angular momentum of the bullet is (m/4)(v)(Z/2), and the final moment 

of intertia of the rod and bullet is (m/3)Z? + (m/AXL/2) = (19/48 nZ. Setting the initial 
mvL/8 6 

X m rm fh 

Goja 19 


angular moment equal to e» and solving for o gives o = 
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b) (2) — (19/48 nt ((o19)/L)Y — 3 


(1/2) (m/4)v" (mjah 19° 


10.88: Assuming the blow to be concentrated at a point (or using a suitably chosen 
"average" point) at a distance r from the hinge, Er. = rF n and AL = rF,, At —- rJ. 


The angular velocity wis then 
p= Ab rESM _ l/2)FowAt 3 ELA 
I I im 2 ml 
Where ? is the width of the door. Substitution of the given numeral values gives 
æ = 0.514 rad/s. 


5 


10.89: a) The initial angular momentum is Z = mv(?/ 2) and the final moment of inertia 
is I— I, m(l/2), so 


N- MU 
o> ae ale ad/s. 


b) (M + m)gh =(1/ 2yr „and after solving for # and substitution of numerical values, 
h= 3.1610 m. c) Rather than recalculate the needed value of c, note that œ will be 


proportional to vand hence will be proportional to v^; for the board to swing all the 


way over, à = 0.250 m. and so v — (360 m/s),/222™ — 1012 m/s. 


10.90: Angular momentum is conserved, so 7,60; =/,@,, or, using the fact that for a 
common mass the moment of inertia is proportional to the square of the radius, 

Ro, = Rlo,,or Rio, =(R, + AR) (v + ^o) - Ro, +2R,AR@, + RAO, 

where the terms in ARA@ and ^o^ have been omitted. Canceling the Rj @, term gives 


Kiss 4E, o | 


s 


10.91: The initial angular momentum is Z, = co; , and the initial kinetic energy is 

K, = I 0, /2. The final total moment of inertia is 47 ,, so the final angular velocity 

is (1/4 ko, and the final kinetic energy is (1/247 (c /4 = (1/4)K,. (This result may be 
obtained more directly from K = /?/7. Thus, AK — —(3/4)K, and K, — —(4/3)(- 2400 7) 
= 3200 J. 
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10.92: The tension is related to the block's mass and speed, and the radius of the circle, 


2 
byf = m-—, The block's angular momentum with respect to the hole is Z = mvr , so in 
r 


terms of the angular momentum, 


The radius at which the string breaks can be related to the initial angular momentum by 
; LE _ (mw;) _ ((0.250kg)(4.00 m/s (0.800 m) 


POS 5 se, 


mT mT, (0.250 kg) (30.0 N) 
from which r — 0.440 m. 


10.93: The train’s speed relative to the earth is 0.600 m/s + co (0.475 m), 80 the total 
angular momentum is 


(0.600 m/s)-- «(0.475 m))(1.20 kg 0.475 m)+ «(1/2 (7.00 (09) - 0 


from which c — —0.298 rad/s with the minus sign indicating that the turntable moves 
clockwise, as expected. 


10.94: a), g) 


N "i ry besh toretes out of page 
4.3%, 


b) Using the vector product form for the angular momentum, v, = —v, and ¥, = —#,, 30 


MF, XV, = MF XV, 
so the angular momenta are the same. c) Let @= oj. Then, 
5»-0xn- olz — xk) and 
È, =mi xý = moll- xRÝ + (x? + yt (XR) 
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With x^ y? = R?, the magnitude of £ is 2m@R* , and E, - à — mo^ R^ , and so 


nuc AGAT ll Em 3 SD F: 
cos? = T eU zand 8 =. This is true for 7, as well, so the total angular 


momentum makes an angle of = with the +y-axis. d) From the intermediate 
calculation of part (c), Z = mak’ = mvR, so the total y-component of angular 
momentum is L, = 2mvR. e) L, is constant, so the net y-component of torque is zero. f) 


Each particle moves in a circle of radius R with speed v, and so is subject to an inward 
force of magnitude mv^/R. The lever arm of this force is R, so the torque on each has 


magnitude mv’. These forces are directed in opposite directions for the two particles, 
and the position vectors are opposite each other, so the torques have the same 


magnitude and direction, and the net torque has magnitude 2mv’. 


10.95: a) The initial angular momentum with respect to the pivot is myr, and the 
final total moment of inertia is + mr’, so the final angular velocity is 

a= mw (mr? 4d 

b) The kinetic energy after the collision is 


= 5.0" (mr* +1)= (M +m )gh, or 
hes [2M cm 
Ímr 4] 


c) Substitution of J = Afr’ into either of the result of part (a) gives c = ST. Iz r) 
m+ 


and into the result of part (b), co = 4/2 gh (l/r), which are consistent with the forms for v. 


10.96: The initial angular momentum is Jeo, —mRv,, with the minus sign indicating that 
runner's motion is opposite the motion of the part of the turntable under his feet. The 
final angular momentum is @, (I+ mA" ),so 

Ico, —mRy, 

"r^ Permit 

_ (80kg- m’‘)(0.200 rad/s) — (55.0 kg)(3.00 m)(2.8 m/s) 
E (80 kg - m^) + (55.0 kg)(3.00 m)? 

= —0.776 rad/s, 


where the minus sign indicates that the turntable has reversed its direction of motion (i.e., 
the man had the larger magnitude of angular momentum initially). 
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10.97: From Eq. (10.36), 


cr  (50.0kg)(9.80 m/s^)(0.040 m) 
= lo  (0.085kg-m^Y(6.0m/s)/(0.33 m)) - 


or 13 rad/sto two figures, which is quite large. 


10.98: The velocity of the center of mass will change by Av. =~, and the angular 


velocity will change by Ac — Ae -The change is velocity of the end of the bat will 
then be Av, = Av. Acx,, = z I Setting 
m 


Av, = Oallows cancellation of J, and gives J = (x — x, )x,, m, which when solved for x 
is 

E un (5.30x10^ kg. m^) 
x, ^ (0.600m)(0.800 kg) 


x= 


+ (0.600 m) — 0.710 m. 


10 .99: In Fig. (10. 34(a)), if the vector 
r, and hence the vector Z are not horizontal but makean angle £ with the horizontal, the 


torque will still be horizontal (the torque must be perpendicular to the vertical weight). 
The magnitude of the torque will be c r cos £ , and this torque will change the direction 


of the horizontal component of the angular momentum, which has magnitude £ cos £. 


Thus, the situation of Fig. (10.36) is reproduced, but with Lis. instead of £L. Then, the 
expression found in Eq. (10.36) becomes 


di dt d Nx Lcosf — le 
10.100: a) m 
jg Eas 
d N 
| A | 
\ Fx j 
\ Rf NE j / 
SS ad a S GA 


The distance from the center of the ball to the midpoint of the line joining the 


points where the ball is in contact with the rails is 4 R° — (2/2), so vm = eR? -d° f4. 
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when d = 0, this reduces to v,, = ØR, the same as rolling on a flat surface. When 
d = 2R, the rolling radius approaches zero, and v,, — 0 for any o. 


b) Cam m NET. 
2 2 


2 
1 2 2 Vv. 
=—| mi, + (2/5)nR?] ——=— 
2 P ea] 
mv? 


2 
=— =| 5+ : 
10 l (i-a? fAR? | 


Setting this equal to mgk and solving for v... gives the desired result. c) The 


c) 


denominator in the square root in the expression for v is larger than for the case 
d=0,sov,,, is smaller. For a given speed, @ is large than the d = 0 case, soa larger 
fraction of the kinetic energy is rotational, and the translational kinetic energy, and hence 
Vam İs smaller. d) Setting the expression in part (b) equal to 0.95 of that ofthe d = 0 
case and solving for the ratio d/R gives d/ R — 1.05. Setting the ratio equal to 0.995 gives 
a/R = 0.37. 


10.101: a) 
La J f 


bas rat 


The friction force is f = un = uu Mg, so a= p, g. The magnitude of the angular 


acceleration is 4 = ^ — "^£ b) Setting v= gt = ØR = (o, —at)R and solving for t 


o0 (yz? RC 
gives 
"m Ra, " Reo, m Re, 
at+Ra mgt2ug 34,8 
and 


2 

lw d Ray; Ro 

d=— Í =- = 
i sel $2] 


c) The final kinetic energy is (3/4Mv? = (3/ 4)M (at) , 50 the change in kinetic energy 
is 
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10.102: Denoting the upward forces that the hands exert as F, and F, ,the conditions that 
F, and F, must satisfy are 
F, +F =w 
F,-F,-n, 
Fr 


where the second equation is 7 = £24, divided by r. These two equations can be solved 
for the forces by first adding and then subtracting, yielding 


Using the values © = mg = (8.00 kgy(9.80 m/s?) = 78.4 N and 
Ico  (8.00kg)(0.325 my (5.00 rev/s x 2 rad/rev) -132.7 kg m/s 
r (0.200 m) 
gives 
F, = 39.2N4+0(66.4N-3), F, 2392N —£X664 N38). 

a) Q-0,F, =F, =39.2N. 

b) = 0.05 rev/s = 0.314 rad/s, F, = 60.0 N, F, 218.4 N. 

c) Q — 0.3rev/s 21.89 rad/s, F, 2165 N, F, 2 —86.2N, 

with the minus sign indicating a downward force. 


d) F, 20 gives Q = 24 = 0.575 rad/s, which is 0.0916 rev/s. 


10.103: a) See Problem 10.92; T = mvr’ /7^. b) and dF are always antiparallel, so 
r2 25 "ndr mv. 2 1 1 
Ww --j, T dr = myr bheaa EI 
c) v = v (n5), so 


2 2 
as ela oie LE oap 
2 2. |e 


which is the same as the work found in part. (b). 
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11.1: Take the origin to be at the center of the small ball; then, 
v (1.00 ke)(0) + (2.00 ke)(0.580 m) -0387m 
3.00 ke 


from the center of the small ball. 


11.23: The calculation of Exercise 11.1 becomes 
_ (1.00 kg)(0) + (1.50 ke)(0.280 m) + (2.00 kg)(0.580 m) 


ar 4.50 ke 
This result is smaller than the one obtained in Exercise 11.1. 


=0.351m 


11.3: Inthe notation of Example 11.1, take the origin to be the point.S, and let the 


child’s distance from this point bex. Then, 
WE o V E Uns 
Mim 2m 


which is (Z/2—D/2)/2, halfway between the point 5 and the end of the plank. 


11.4:  a)The force is applied at the center of mass, so the applied force must have the 
same magnitude as the weight of the door, or 300 N. In this case, the hinge exerts no 
force. 

b) With respect to the hinge, the moment arm of the applied force is twice the 
distance to the center of mass, so the force has half the magnitude of the weight, or 
150N. The hinge supplies an upward force of 300 N — 150 N —150 N. 


11.5: — F(8.0m)sin 40? = (2800 N)(10.0 m), so F = 5.45 kN, keeping an extra figure. 


11.6: The other person lifts with a force of 160 N—60N = 100 N. Taking torques 
about the point where the 60 - N force is applied, 
160 N 


(100 N)x = (160 NX1.50 m), or x= (1.50 ZI 


| — 2.40 m. 


11.7: Ifthe board is taken to be massless, the weight of the motor is the sum of the 
applied forces, 1000 N. The motor is a distance Gr EX 7 — 1.200 m from the end where 


(000 Nj 
the 400-N force is applied. 
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11.8: The weight of the motor is 400 N + 600 N — 200 N 2 800 N. Of the myriad ways 


to do this problem, a sneaky way is to say that the lifters each exert 100 N to the lift the 


board, leaving 500 N and 300 N to the lift the motor. Then, the distance of the motor 


from the end where the 600-N force is applied is CRAS = 0.75 m.The center of 


gravity is located at DE SUNT = 0.80 m from the end where the 600 N force 


is applied. 


11.9: The torque due to 7, is — 7, — — cot h, and the torque due to 7, is TD = Ew. 


The sum of these torques is Zw(1— 4cot8). From Figure (11.9(b)),  — D tan, so the net 
torque due to the tension in the tendon is zero. 


11.10: a) Since the wall is frictionless, the only vertical forces are the weights of the 
man and the ladder, and the normal force. For the vertical forces to balance, 

H, = w + w = 160 N-- 740 N — 900 N, and the maximum frictional forces is 

Hn, = (0.40900 N) = 360 N (see Figure 11.7(b)). b) Note that the ladder makes contact 


with the wall at a height of 4.0 m above the ground. Balancing torques about the point of 
contact with the ground, 


(4.0 m), = (1.5 my160 N) + (1.0 m)(3/5)(740 N) = 684 N- m, 


so 1, —171.0 N, keeping extra figures. This horizontal force about must be balanced by 


the frictional force, which must then be 170 N to two figures. c) Setting the frictional 
force, and hence 7 , equal to the maximum of 360 N and solving for the distance x along 
the ladder, 

(4.0 m)(360 N) = (1.50 m)(1 60 N) + x(3/5)(740 N), 
so x = 2.70 m, or 2.7 m to two figures. 


11.11: Take torques about the left end of the board in Figure (11.21). a) The force F at 
the support point is found from 
F (1.00 m) = +(280 N)(1.50 m) + (500 N)(3.00 m), or F = 1920 N.b) The net force must be 


zero, so the force at the left end is (1920 N)— (500 N) - (280N) 21140 N, downward. 


1142: a) 
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b)x-625mwhen F, = 0, which is 1.25 m beyond point B. c) Take torques about 
the right end. When the beam is just balanced, F, = 0, so F, = 900 N. The distance that 


point B must be from the right end is then SS 1.50 m. 


11.13: In both cases, the tension in the vertical cable is the weight c». a) Denote the 
length of the horizontal part of the cable by Z. Taking torques about the pivot point, 

TL tan 30.0? = wi, + w(L/2), from which T = 2.60w. The pivot exerts an upward vertical 
force of 2w and a horizontal force of 2.60w, so the magnitude of this force is 3.28w, 
directed 37.6? from the horizontal. b) Denote the length of the strut by Z, and note that 
the angle between the diagonal part of the cable and the strut is 15.0°. Taking torques 
about the pivot point, TZ sin 15.0?— wZ sin 45.0? + (w/2)L sin 45°, so T = 4.10m The 
horizontal force exerted by the pivot on the strut is then 7 cos 30.0? = 3.55% and the 
vertical force is (2w)+T sin 30? = 4.05w, for a magnitude of 5.38w, directed 48.8°. 


11.14: a) Taking torques about the pivot, and using the 3-4-5 geometry, 
(4.00 m)(3/5)7 = (4.00 m)(300 N)+ (2.00 m)(150 N), 


so T — 625 N. b) The horizontal force must balance the horizontal component of the 
force exerted by the rope, or T (4/5) — 500 N. The vertical force is 


300N4150N - 7(3/5) 2 75 N, upwards. 


11.15: To find the horizontal force that one hinge exerts, take the torques about the 
other hinge; then, the vertical forces that the hinges exert have no torque. The horizontal 
force is found from £F,(1.00 m) = (280 N)Y(0.50 m), from which EF, = 140 N. The top hinge 


exerts a force away from the door, and the bottom hinge exerts a force toward the door. 
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Note that the magnitudes of the forces must be the same, since they are the only 
horizontal forces. 


11.16:  (a)Free body diagram of wheelbarrow: 


Word 


(30km $ 
450N MEN pend 
2.0m 
ET eel =0 
— (450 N)(2.0 m) 2 (80 N)(0.70 m) + TF, (0.70 m) = 0 
W, =1200N 


(b) From the ground. 


11.17: Consider the forces on Clea. 


n, 89 N, n -157N 
n, +n,= wso w=246N 
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È r= 0, axis at rear feet 
Let x be the distance from the rear feet to the center of gravity. 
n; (0.95 m)— xw- 0 
x — 0.606 m from rear feet so 0.34 m from front feet. 


11.18: a) Denote the length of the boom by #, and take torques about the pivot point. 
The tension in the guy wire is found from 


TE sin 60? = (5000 N) Z cos 60.0? 4- (2600 N)(0.35 L) cos 60.0°, 


so 7 — 3.14 kN. The vertical force exerted on the boom by the pivot is the sum of the 
F 
weights, 7.06 kN and the horizontal force is the tension, 3.14 kN. b) No; m [E- ^ 0. 


SUE 


11.19: To find the tension F, in the left rope, take torques about the point where the 
rope at the right is connected to the bar. Then, 

T, (3.00 m)sin 150? — (240 N)(1.50 m) + (90 N)(0.50m),s07, = 270 N. The vertical 
component of the force that the rope at the end exerts must be 

(330N)- (270 N)sin 150? — 195 N, and the horizontal component of the force is 


— (270 N) cos 150°, so the tension is the rope at the right is 7, = 304 N. and 6 = 39.9?. 


11.20: The cable is given as perpendicular to the beam, so the tension is found by 
taking torques about the pivot point; 
T (3.00 m) = (1.00 KN)(2.00 m) cos 25.0? + (5.00 KN)(4.50m) cos 25.0°, or T = 7.40 kN. 


The vertical component of the force exerted on the beam by the pivot is the net weight 
minus the upward component of 7, 6.00 kN — 7 cos 25.0? = 0.17 kN. The horizontal force 


is T sin 25.0? = 3.13 KN. 


11.21: a) #(3.00m)— £,(3.00 ra - 7) 2 (8.00 N)(—). This is given to havea 
maenitude of 6.40 N.m,s0? = 0.80m. b) The net torque is clockwise, either by 
considering the figure or noting the torque found in part (a) was negative. c) About the 
point of contact of Fo, the torque due to Fy is- Fil, and setting the magnitude of this 
torque to 6.40N-m gives? = 0.80m, and the direction is again clockwise. 


11.22: From Eq. (11.10), 
uU ui Vo AT e T = F(1333m~), 
AIA (3.0«107 my50.0x 10 * m?) 
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Then, F =25.0N corresponds toa Young's modulus of 3.3x10* Pa, and F = 500 N 
corresponds to a Young's modulus of 6.7 x 10? Pa. 
Fi ( : 
11.23: g-2._OO shew a, 
YA? (20x10 Pa)(0.25x10 * m) 
and so d = JAA4/z —1.43x10 ^ m,or 1.4 mm to two figures. 


11.24: a) The strain, from Eq. (11.12), is = = $;. For steel, using Y from Table (11.1) 
and 4-74. -1.77 x10 * m’, 
APO (4000 N) 


— = 1.110%. 
i, (20x10 PaY1.77x10* m?) 


Similarly, the strain for copper (Y — 1.10x 10! Pa) is2.1x10 *. b) Steel: 
(1.1x 103): (0.750 m) = 8.3x 10 ?m . Copper: (2.1x10 (0.750 m) —1.6x10 * m- 


11.25: From Eq. (11.10), 
(5000 N)(4.00 m) 


— A _ = 2.010" Pa. 
(0.50x10 ^ m^)(0.20x10 * m) 
11.26: From Eq. (11.10), 
6; 2 
y- (65.0 kg)(9.80 m/s? (45.0 m) — 68x10? Pa. 


(r(3.5x10* m)’ Y1.10 m) 


11.27: a) The top wire is subject to a tension of (16.0ke)(9.80 m/s?) — 157 N and 


: : (157 N} - -3 Eyi 
hence a tensile strain of TIU 3.14x10 7,0r3.1x10 ^ to two figures. The 


bottom wire is subject to a tension of 98.0 N, and a tensile strain of 1.96 x10 , or 
2.0x10^ to two figures. b) (3.14x107)(0.500m) — 1.57 mm, 
(1.96x107)(0.500m) = 0.98 mm. 


(3000 kgy9.80 pA 
TL: 45 day 


c) (0.8 x10) x (2.50 m) — 2x10% m. 


=1.6x10 Pa. b) 157 085107 


20x107? Pa 


11.29:  (2.8—-1)(1.013x 10^ Pa)(50.0 m^) - 9.1x 10 N. 
www.FreeLibros.me 


11.30: a) The volume would increase slightly. b) The volume change would be twice 
as great. c) The volume is inversely proportional to the bulk modulus for a given pressure 
change, so the volume change of the lead ingot would be four times that of the gold. 


11.34: a) —239 .—333x105Pa. b) (3.33x10? P3)(2)200 x 10* m^) 2 133kN. 


075x10 ^ m? 


11.32: a) Solving Eq. (11.14) for the volume change, 
AV — —kVAP 


— —(45.8 x 10 Pa! Y1.00 m^Y1.16x 10* Pa —1.0x 10? Pa) 
- —0.0531m*. 


b) The mass of this amount of water not changed, but its volume has decreased to 
1.000 m? — 0.053 m? = 0.947 m’, and the density is now 12s — 109510? ke /m?. 


0.947 m* 


(600 cm3)(3.6 x 105 Pa) 


11.33: B= : 
(0.45cm ) 


—-4.8x10 Pa, k= = 21x10” Pa. 


11.34: a) Using Equation (11.17), 


E 5 
Shear strain = Sb = I T 107 
AS  [(10m)(.005 m)][7.5x 10? Pa] 


b) Using Equation (11.16), x= Shear stain - à — (.024)(.1 m)=2.4x107 m 


11.35: The area 4 in Eq. (11.17) has increased by a factor of 9, so the shear strain for 
the larger object would be 1/9 that of the smaller. 


11.36: Each rivet bears one-quarter of the force, so 


EF 
Shear stress 4 nN 6.11x10* Pa. 
A  m.125x10 * m) 
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11.37: £-— 091 —.3.41x10' Pa, or 2.4x10' Pa to two figures. 


x(092x107* m)? 


11.38: a) (16x10 7)(20x10? Pa)(5x10° m^) 2 1.60x10* N. b) If this were the case, 
the wire would stretch 6.4 mm. 


c) (65x10? (20x 10? PaY* x10? m^) -6.5x10? N. 


8 D; n 
1139: a _ For _ 40x10 Paj(3.00x10* m°)/3 oec m/s? 2102 m/s’. 
= (1200 ke) 


11.40: 4-77 —745x10" m',sod = J4A/ z= 0.97 mm. 


^ 43x05 Pa 


11.41: a) Take torques about the rear wheel, so that fod = cox, , or x, = jd. 
b) (0.53)(2.46m)= 1.30 m to three figures. 


11.42: If Lancelot were at the end of the bridge, the tension in the cable would be 
(from taking torques about the hinge of the bridge) obtained from 


T (12.0 N) = (600 kg)(9.80 m/s*)(12.0 m) + (200 kg (9.80 m/s^)(6.0 m), 

so 7 — 6860 N. This exceeds the maximum tension that the cable can have, so Lancelot is 
going into the drink. To find the distance x Lancelot can ride, replace the 12.0 m 
multiplying Lancelot’s weight by x and the tension 7 by T — 5.80x 10* N and solve 
for x; 


,— 80x10 N)02.0m)- (200 kg)(9.80 m/s'Y60m) _ 9 g4 m, 
(600 kg(9.80 m/s?) 


11.43: For the airplane to remain in level flight, both XF = 0and > r=0. 


www.FreeLibros.me 


3.66 m 


Fui 
Ww 
Taking the clockwise direction as positive, and taking torques about the center of mass, 


Forces: £,,-W + Fring = 0 
Torques: — (3.66 m)F,, + (.3m)£,,, =0 


A shortcut method is to write a second torque equation for torques about the tail, and 
solve for the Fin :-(3.66m)(6700 N) + (3.36 m) F ing = 0. This gives 


E, = 7300 N(up), and F, = 6700N — 7300 N = —600 N(down). 


Note that the rear stabilizer provides a downward force, does not hold up the tail of the 
aircraft, but serves to counter the torque produced by the wing. Thus balance, along with 
weight, is a crucial factor in airplane loading. 


11.44: The simplest way to do this is to consider the changes in the forces due to the 
extra weight of the box. Taking torques about the rear axle, the force on the front wheels 


is decreased by 3600 N 1557 — 1200 N, so the net force on the front wheels 


300m 
is10,780 N — 1200 N = 9.58 x10° N to three figures. The weight added to the rear wheels 
is then 3600 N +1200 N = 4800 N, so the net force on the rear wheels is 
8820 N + 4800 N = 1.36x 10* N, again to three figures. 
b) Now we want a shift of 10,780N away from the front axle. Therefore, 
W5-10,780N and so w=32,340N. 


11.45: Take torques about the pivot point, which is 2.20 m from Karen and 1.65 m 
from Elwood. Then w,,,..,(1-65 m) = (420 N)(2.20 m) + (240 N)(0.20 m), so Elwood 
weighs 589 N. b) Equilibrium is neutral. 


11.46: a) Denote the weight per unit length 


as a, so m — a(10.0 cm), w — a(8.0cm), and w, — al. 


The center of gravity is a distance x „to the right of point O where 
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_ W(5.0 em) - w, (9.5 cm) + w,(10.0cm — 7/2) 
Ps w + Wa + Wy 
. (10.0cmX(5.0cm) + (8.0 cm)(9.5 em) + 2(10.0cm — 7/2) 
(10.0cm) ^ (8.0 cm) 4-7 f 


Setting x „ =0 gives a quadratic in ?, which has as its positive root / = 28.8 cm. 


b) Changing the material from steel to copper would have no effect on the length ? 
since the weight of each piece would change by the same amount. 


11.47: Let E'— E — R where R is the vector from the point O to the point P. 


The torque for each force with respect to point P is then ¥ = E'x F, , and so the net torque 


is 


= Wy, x F, -RxYF. 
In the last expression, the first terra is the sum of the torques about point O, and the 
second term is given to be zero, so the net torques are the same. 


11.48:  Fromthe figure (and from common sense), the force F, is directed along the 
length of the nail, and so has a moment arm of (0.0800 m) sin 60? . The moment arm of 
F, is 0.300 m, so 


|. (0.0800 m) sin 60° 


F =F, = (500 N)(0.231)=116N. 
5P (300m) (500 N)(0.231) 


11.49: The horizontal component of the force exerted on the bar by the hinge must 
balance the applied force F , and so has magnitude 120.0 N and is to the left. Taking 
torques about point 4, (120.0 N)(4.00 m) + Æ, (3.00 m), so the vertical component is 
—160 N , with the minus sien indicating a downward component, exerting a torque in a 


direction opposite that of the horizontal component. The force exerted by the bar on the 
hinse is equal in magnitude and opposite in direction to the force exerted by the hinge on 
the bar. 
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11.50: a) The tension in the string is w, = 50 N, and the horizontal force on the bar 
must balance the horizontal component of the force that the string exerts on the bar, and 
is equal to (50 N) sin 37? — 30 N, to the left in the figure. The vertical force must be 


(50 N)cos 379-10 N — 50 N, up. Darcan SA aul 59°. c) (G0 NY! + (50 NY. = 58N. 


d) Taking torques about (and measuring the distance from) the left end, 
(50 N)x = (40 N)(5.0 m), so x —4.0 m, where only the vertical components of the 


forces exert torques. 


11.51: a) Take torques about her hind feet. Her fore feet are 0.72 m from her hind feet, 
and so her fore feet together exert a force of oo = 73.9 N, so each foot exerts a 
force of 36.9 N, keeping an extra figure. Each hind foot then exerts a force of 58.1 N. 

b) Again taking torques about the hind feet, the force exerted by the fore feet is 

(99 WCE hates N09 m) =105.1N, so each fore foot exerts a force of 52.6 N and each hind 
foot exerts a force of 54.9 N. 


11.52: a) Finding torques about the hinge, and using Z as the length of the bridge and 
w and w, for the weights of the truck and the raised section of the bridge, 


TL sin 70° = w,(3Z)cos 30°+ w, (1T. )cos 30°, 


(3m. + +m, 9.80 m/s”)cos 30° 
sin 70° 


T= = 2.57x10° N. 
b) Horizontal: 7 cos(709 — 30°)= 197 x 10^ N. Vertical: n, + wy — T sin 40° 
= 2.46x10° N. 


11.53: a) Take the torque exerted by F, to be positive; the net torque is then 
— F (x)sin ø+ F,(x+/)sin ø= Fisin ø, where F is the common magnitude of the forces. 
b) : — —(14.0 N)(3.0 m)sin 37° = -25.3 N-m, keeping an extra figure, and 
= (14.0 N)(4.5 m)sin 37? = 37.9 N - m, and the net torque is 12.6 N- m. About point 
mé d = (14.0 N)(3.0 m)(sin 37?) = 25.3 N - m, and 
7; = (-14.0 NX1.5 m)(sin 37°) = 12.6 N- m, and the net torque is 12.6 N m. The 
result of part (a) predicts (14.0 N)(1.5ru)siu 37°, ihe same result. 
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11.54: a) Take torques about the pivot. The force that the eround exerts on the ladder is 
given to be vertical, and F, (6.0 m)sin 8 = (250 N)(4.0 m)sin 8 


T (750NX1.50 m)sin8, so F, = 354 N. b) There are no other horizontal forces on the 


ladder, so the horizontal pivot force is zero. The vertical force that the pivot exerts on the 
ladder must be (750 N) + (250 N) - (354 N) = 646 N, up, so the ladder exerts a downward 


force of 646 N on the pivot. c) The results in parts (a) and (b) are independent of 8. 


11.55: a) ¥ —mg- w and H —T.To find the tension, take torques about the pivot 
point. Then, denoting the length of the strut by L, 


(2) sin = (22) cos + me{ =) cos@, or 


f= [w+ 28 Cot 8. 
4 
b) Solving the above for w, and using the maximum tension for T, 
w=T tan @— "© = (700 N)tan 55.0? — (5.0 kg) (9.80 m/s^) - 951N. 


c) Solving the expression obtained in part (a) for tan @ and letting 
c — 0, tan 8 = = 0.700, so 8 = 4.00°. 


4 


11.56: (a) and (b) 


Lower rod: 
T, 
4.0 cm 8.0cm 
6.0.N A 
LT = 0:(6.0N)(4.0cm) = 4(8.0cm) 
A=3.0N 

LF =0:7,=60N+4=60N+3.0N=9.0N 

Middle rod: 
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5.0cm 


T, -9.0N 


Xr -0:B(20cm)- (9.0 NX(5.0cm) 
B-15N 
ZF-0:5-B8415-15N490N-24N 


Upper rod: 


G.Ocm 


20cm 


f=74N 


Sr, = 0: (24 N)(2.0 cm) = C(6.0 cm) 
C-80N 
ZF-0:5-T7,4C-24N480N-32N 


(c) The center of gravity must lie somewhere directly below S, or the mobile would 


tilt. 
11.57: 
p 
Es z 
VER n JR 
j* Dod 
E 
Nat 
^ JT 
SS 
t| or 
m M 
a Got, 


uxis 


Wn 
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=t= 0, axis at hinge 
T (6.0m)(sin 40°) — w(3.75 m)(cos30°) = 0 
T =760N 


11.58: (a) 


Xa, = O 
T(3.5 m)sin 37° = (45,000 NY(7.0 m)cos 37° 
T =120,000 N 
(b) EF,-0:H =T = 120,000 N 
DF =0:V =45,000 N 


The resultant force exerted by the hinge has magnitude 1.2810° N and direction 
20.6? above the horizontal. 


11.59: 


Fine 
a) Xr =0, axis at lower end of beam 
Let the length of the beam be L. 


www.FreeLibros.me 


T(sin 20°) = nd Jeo 40° = 0 


" img cos 40° 
sin 20? 


=2700 N 


b) Take +y upward. 


XF, = 0gives n —w +T sin 60° 0505 = 73.6 N 


LF =0 gives f, =T cos 60° =1372 N 
E m 1372N | 


The floor must be very rough for the beam not to slip. 


11.60: a) The center of mass of the beam is 1.0 m from the suspension point. Taking 
torques about the suspension point, 


w(4.00 m) + (140.0 N)(1.00 m) = (100 N)(2.00 m) 


(note that the common factor of sin 30? has been factored out), from which w=15.0N. 


b) In this case, a common factor of sin 45? would be factored out, and the result 
would be the same. 


11.61: a) Taking torques about the hinged end of the pole 

(200 N)(2.50 m)+ (600 N)x (5.00 m) — 7, (5.00 m) = 0. Therefore the y-component of 
the tension is F, = 700 N . The x-component of the tension is then 

pe 1000 NY — (700 NY = 714 N. The height above the pole that the wire must be 
attached is (5.00 m)7* = 4.90 m. b) The y-component of the tension remains 700 N and 
the x-component becomes (714 N) E = 795 N , leading to a total tension of 


(795 NY + (700 NY! 21059 N, an increase of 59 N. 


11.62: 4 and B are straightforward, the tensions being the weights suspended; 
T, = (0.0360 kg)(9.80 m/s’) = 0.353 N, T, = (0.0240 ke + 0.0360 kg)(9.80 m/s‘) = 0.588 N. 
To find 7, and 7,,a trick making use of the right angle where the strings join is available; 


use a coordinate system with axes parallel to the strings. Then, 


T. =T, cos 36.9? = 0.470 N, 7, = T, cos 53.1? = 0.353 N, To find F,, take torques about 
the point where string F is attached; 
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7,(1.000 m) = F, sin 36.9°(0.800 m) + 7. sin 53.1?(0.200 m) 
+ (0120 kg)(980 m/s^)(0.500 m) 
= 0.833 N- m, 
so 7, —0.833N. T, may be found similarly, or from the fact that J, + 7, must be the 


total weight of the ornament. (0.180 kg)(9.80 m/s?) — 1.76 N, from which 7. = 0.931 N. 


11.63: a) The force will be vertical, and must support the weight of the sign, and is 300 
N. Similarly, the torque must be that which balances the torque due to the sign's weight 
about the pivot, (300 N)(0.75 m) = 225 N- m. b) The torque due to the wire must balance 
the torque due to the weight, again taking torques about the pivot. The minimum tension 
occurs when the wire is perpendicular to the lever arm, from one corner of the sign to the 
other. Thus, 74 (1.50 m) + (0.80 my = 225 N- m, or T = 132 N. The angle that the wire 
makes with the horizontal is 90? —arctan (155) = 62.0°. Thus, the vertical component of 
the force that the pivot exerts is (300 N) (132 N) sin 62.0? = 183 N and the horizontal 
force is (132 N)cos62.0? = 62 N , for a magnitude of 193 N and an angle of 71? above 


the horizontal. 


11.64: a) Aw=—o (Al/2) wy = —(0.23)(9.0x 10 *)44(0.30x 107% m^)/x —1.3 pm. 


b) 
F = aval ayle” 
l ow 
it -2 2 - 
_ (2.1x10" Pa) (x (2.0x10 my) € DO 3 3x10 N, 
042 2.0x107 m 


where the Young's modulus for nickel has been used. 


11.65: a) The tension in the horizontal part of the wire will be 240 N. Taking torques 
about the center of the disk, (240 N)(0.250 m) — w(1.00m))= 0, or w = 60 N. 


b) Balancing torques about the center of the disk in this case, 
(240 N) (0.250 m) — ((60 N)(1.00 m) + (20 NY(2.00m))cos 9 = 0, so 8 = 53.1?. 


11.66: a) Taking torques about the right end of the stick, the friction force is half the 
weight of the stick, f = 7- Taking torques about the point where the cord is attached to 


the wall (the tension in the cord and the friction force exert no torque about this 
point),and noting that the moment arm of the normal force is 


l tan @ntan 8— *- Then, £ = tan 8< 0.40, so 2< arctan (0.40) = 22°. 
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b) Taking torques as in part (a), and denoting the length of the meter stick as /, 
f= "La wi? — x)and ni tan 8 = wot wx. 


In terms of the coefficient of friction yx, , 
f FAU n 3l -2x 


>= 8 = ———— ana 
A n í4x l+ 2x 
Solving for x, 
,138n8-g _ 30.2cm. 
2 ug, tana 


c) In the above expression, setting x = 10 cm and solving for 4, gives 
2 (3— 20/1)tan8 


: = 0.625. 
1420/2 


11.67: Consider torques around the point where the person on the bottom is lifting. The 
center of mass is displaced horizontally by a distance (0.625 m — 0.25 m) sin 45? and the 
horizontal distance to the point where the upper person is lifting is (1.25 m)sin 45°, and 


so the upper lifts with a force of wia E = (0.300)w = 588 N. The person on the 


bottom lifts with a force that is the difference between this force and the weight, 1.37 kN. 
The person above is lifting less. 


Ytenos, -0 
— DG -—t-9 F,(3.80 cm) = (15.0 N)Q 5.0 em) 
cm Fa =59.2N 
Fr w(15.0N) 
(b) 
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PE AEAT 33.0em 


at, =0 


ROON 


F, (3.80 cm) = (15.0 N)(1 5.0 cm) + (80.0 N)(33.0 cm) 


F, =754N 
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The biceps force has a short lever arm, so it must be large to balance the torques. 
LF -0:-F,-F,-150N-800N-0 
©) F, —754N -15.0N - 80.0N =659N 


(d) The biceps muscle acts perpendicular to the forearm, so its lever arm stays the 
same, but those of the other two forces decrease as the arm is raised. Therefore the 
tension in the biceps muscle decreases. 


11.69: a) The force diagram is given in Fig. 11.9. 


at =0, axis at elbow 
wL —(T sin 9)D - 0 


sin @= 30w-T7 = 
k i Ih +D? 
kD 
MC 
LX 4D 


D 
b) — = — = .|]— — — — |; the derivativeis positive 
) "aD ivk? +D? k v p 


c) The result of part (b) shows that w „increases when D increases. 


1500 N 


| 0.50m 


1.8m 1.8 m | 
jd 


2A 90.0N 2€ 


By symmetry, 4 —8 and C=D. Redraw the table as viewed from the AC side. 
2x (about right end) = 0: 
24(3.6 m) = (90.0 NX1.8 m)+ (1500 NX0.50 m) 
4-130N- B 
LF =0:44+B84+C+D=1599N 
Use 4 = B =130 Nand C =D 
C=D=670N 
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By Newton's third law of motion, the forces 4, B, C, and D on the table are the 
same as the forces the table exerts on the floor. 


11.71: a) Consider the forces on the roof 


yo " 
2 
CM. "m 
H w/2 w/2 H 


V and H are the vertical and horizontal forces each wall exerts on the roof. 

w — 20,000 N is the total weight of the roof. 

2V = w soV = w/2 

Apply =r= Oto one half of the roof, with the axis along the line where the two 
halves join. Let each half have lensth £. 

(w/2)(L/2)(cos 35.09) + HL sin 35.0? — VE cos35.0° = 0 

L divides out, and use V — w/2 

Hsin 35.0? = 1 wcos 35.0 


He——5 =7140N 
4tan 35.09 


By Newton's 3rd law, the roof exerts a horizontal, outward force on the 
wall. For torque about an axis at the lower end of the wall, at the ground, this 
force has a larger moment arm and hence larger torque the taller the walls. 

b) 


Consider the torques 
on one of the walls. 
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H is the horizontal force exerted by the roof, as considered in part (a). B is the 
horizontal force exerted by the buttress. Now the angle is 40°, so 


Hel _._ sega 
4tan 40° 


>, r= 0, axis at the ground 
H(40 mj— B(30 m)=0 and B. = 7900 N. 


11.72: a) Take torques about the upper corner of the curb. The force F acts ata 
perpendicular distance R—# and the weight acts at a perpendicular distance 


R° fe hy = 42Rh — k^. Setting the torques equal for the minimum necessary force, 


b) The torque due to gravity is the same, but the force F acts at a perpendicular 
distance 2R —#,s0 the minimum force is (mg 2Rk — hy /2R-h. c) Less force is 
required when the force is applied at the top of the wheel. 


11.73: a) There are several ways to find the tension. Taking torques about point B (the 
force of the hinge at 4 is given as being vertical, and exerts no torque about 8), the 


tension acts at distance r — Ja.o0 m) + (2.00 m)! = 4.47 m and at an angle of 


ø= 30? + arctan E = 56.6°. Setting 
4.00 

Tr sin p= (500N)(2.00m)and solving for 7 gives T = 268 N. b) The hinge at 4 is given 
as exerting no horizontal force, so taking torques about point D, the lever arm for the 
vertical force at point B is (2.00 m) + (4.00 m) tan 30.0? = 4.31m, so the horizontal force 
(500 N)(2.00 m) 

m 
however, (268 N)cos 30.0? = 232 N In fact, finding the horizontal force at B first 
simplifies the calculation of the tension slightly. c) (500 N)— (268 N)sin 30.0? = 366 N. 
Equivalently, the result of part (b) could be used, taking torques about point C, to get the 
same result. 


at B is = 232 N. Using the result of part (a), 


11.74: a) Thecenter of gravity of top block can be as far out as the edge of the lower 
block. The center of gravity of this combination is then 37/4 from the right edge of the 


upper block, so the overhang is 37/4. 
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b) Take the two-block combination from part (a), and place it on the third block 
such that the overhang of 37/4 is from the right edge of the third block; that is, the center 
of gravity of the first two blocks is above the right edge of the third block. The center of 
mass of the three-block combination, measured from the right end of the bottom block, is 
— L/6 and so the largest possible overhang is (3/4) - (/6) - 112/12. 

Similarly, placing this three-block combination with its center of gravity over the right 
edge of the fourth block allows an extra overhang of Z/8, fora total of 252/24. c) As 
the result of part (b) shows, with only four blocks, the overhang can be larger than the 
length of a single block. 
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11.75: a) 


F,-2w-147N 
sing = R/2Rso 6 — 30? 
t-0,axisat P 
F.(2Rcos8)— wR — 0 
F, =E  -042AN 
2cos30? 
F,=F,=0.424N 
b) Consider the forces on the bottom marble. The horizontal forces must sum to 
Zero, SO 
F,=nsin@ 


n= av =0.848N 

sin 30° 
Could use instead that the vertical forces sum to zero 
FP, —mg—ncos d= 0 


yu BES. _ (EIS NNNM 
cos 30° 


11.76: (a) Writing an equation for the torque on the right-hand beam, using the hinge 
as an axis and taking counterclockwise rotation as positive: 
..8 J NE NS COURS, 
E m^ =E, mes w-—sin — = 0 


where8 is the angle between the beams, F. is the force exerted by the cross bar, and wis 


the weight of one beam. The length drops out, and all other quantities except F, are 
known, so 
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Therefore 
539 
F-260 ET mW NR 
b) The cross bar is under compression, as can be seen by imagining the behavior of 
the two beams if the cross bar were removed. It is the cross bar that holds them apart. 


c) The upward pull of the wire on each beam is balanced by the downward pull of 
gravity, due to the symmentry of the arrangement. The hinge therefore exerts no vertical 
force. It must, however, balance the outward push of the cross bar: 130 N horizontally to 
the left for the right-hand beam and 130 N to the right for the left-hand beam. Again, it’s 
instructive to visualize what the beams would do if the hinge were removed. 


11.77: a) Theangle at which the bale would slip is that for which 
f= N = uywcos f = wsin f, or £ —arctan(z )= 31.0°. The angle at which the bale 
would tip is that for which the center of gravity is over the lower contact point, or 


arcian (We = 26.6°, or 27° to two figures. The bale tips before it slips. b) The angle for 


tipping is unchanged, but the angle for slipping is arctan (0.40) = 21.8°, or 22°to two 
figures. The bale now slips before it tips. 


11.78: a)F-f-gN = p,mg = (0.35)(30.0kg)(9.80 m/s’) 2103 N 
b) With respect to the forward edge of the bale, the lever arm of the weight is 


0.250 m 


—— = 0.125 m and the lever arm 2 of the applied force is then 7 
= (0.125 m) Æ = (0.125m) + =" = 0.36 m. 


035 


11.79: a) Take torques about the point where wheel B is in contact with the track. With 
respect to this point, the weight exerts a counterclockwise torque and the applied force 
and the force of wheel 4 both exert clockwise torques. Balancing torques, 

F,(2.00 m) 4- (F (1.60 m) = (950 N)(1.00 m). Using 

F = t,w=494N,F,=80N,and F, = w- F; —870 N. b) Again taking torques about the 
point where wheel B is in contact with the tract, and using 

F = 494 Nasin part (a), (494 N) & — (950 N)(1.00N), so & — 1.92 m. 


11.80: a) The torque exerted by the cable about the left end is ZZ sin 8 . For any angle 
8 sin(180? — 0) — sin6, so the tension 7 will be the same for either angle. The horizontal 
component of the force that the pivot exerts on the boom will be 

T cos8 or Tcos (180? — 9 — —T'cos8 . b) From the result of part (a), T €. gg, and this 


becomes infinite as 9 — 0 or > 180°. Also, c), the tension is a minimum when sin @ isa 
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maximum, or 9 = 90°, a vertical string. d) There are no other horizontal forces, so for the 
boom to be in equilibrium, the pivot exerts zero horizontal force on the boom. 


11.81: a) Taking torques about the contact point on the ground, 
T (7.0 m)sin8 = w(4.5 m)sin 8, so T = (0.64)w = 3664 N. The ground exerts a vertical 


force on the pole, of magnitude w- T = 2052 N.. b) The factor of sin appears in both 
terms of the equation representing the balancing of torques, and cancels. 


11.82: a) Identifying x with A? in Eq. (11.10), k = Y A/2,. 
b) (1/2)kx* = Y Ax’ /2i,. 


11.83: a) At the bottom of the path the wire exerts a force equal in magnitude to the 
centripetal acceleration plus the weight, 


F = m(((2.00 rev/s)(2 rad/rev))^ (0.50 m) + 9.80 m/s? ) 21.07 x 10? N. 
From Eq. (11.10), the elongation is 


3 
0.07 x10 N)(.50 m) HSS 
(0.7 x 10" Paj(0.014 x10 m?) 


b) Using the same equations. at the top the force is 830 N, and the elongation is 
0.0042 m. 


11.84: a) 


b) The ratio of the added force to the elongation, found from taking the slope of the 
graph, doing a least-squares fit to the linear part of the data, or from a casual glance at the 
data gives == 2.00x 10* N/m. From Eq. (11.10), 
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Fl, (3.50 m) 


Y =— =(2.00x10* N/m a at ee Pa. 
Al A (7(0.35x107 m)*) 
c) The total force at the proportional limit is 20.0 N+ 60 N =80 N, and the stress at 
this limit is —@™— = 2.1x10° Pa. 


x(0.35x10? my 


11.85: a) For the same stress, the tension in wire P must be two times in wire A, and so 
the weight must be suspended at adistance (2/3)(1.05 m) = 0.70 m from wire A.. 


b) The product Y 4 for wire 2 is (4/3) that of wire B, so for the same strain, the 


tension in wire B must be (4/3) that in wire 4, and the weight must be 0.45 m from wire 
B. 


11.86: a) Solving Eq. (11.10) for A? and using the weight for F, 
Fi, (1900 NX15.0 m) 
— YA (2.0x10! Pay$.00x10^* m*) - 
b) From Example 5.21, the force that each car exerts on the cable is 
F = moi, - wl, and so 
OFho owed (1900 N)(0.84 rad/s)' (15.0 m)* 
YA  gYA  (9.80m/s )2.0x10! Pa)G.00x 10^ m’) 


11.87: Use subscripts 1 to denote the copper and 2 to denote the steel. a) From Eq. 
(11.10), with A} = A}, and F, = F,, 


Lh mec E +)- i45 Zi 22-16. 


AY, (2.00cm’ Y9 x 10? Pa) 
b) For nickel, x 4.00 x 10* Pa and for brass, zx = 2.00» 10* Pa. c) For nickel, 


4001 fà. | Oy "ou brass, 22904 fi — 2 2 «1073. 


21x10? Pa ? 940? Pa 


Al 


11.88: a) Fa ad | = (14x 10? Pay(3.0x10~ m?)(0.010) = 4.2x10* N 


0 


b) Neglect the mass of the shins (actually the lower legs and feet) compared to the 
rest of the body. This allows the approximation that the compressive siress in the shin 
bones is uniform. The ruaxiniuru height will be that for which the force exerted on each 


lower leg by the ground is F found in part (a), minus the person's weight. The impulse 
that the ground exerts is 
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J = (42x10 N- (70 kg)(9.80 m/s? ))(0.030s) = 1.2 10* ke - m/s. The speed at the 
ground is 42g, so 27 = md 2gh and solving for à, 


but this is not recommended. 


11.89: a) Two times as much, 0.36 mm, b) One-fourth (which is (1/2)^ ) as much, 
0.045 mm.c) The Young's modulus for copper is approximately one-half thar for steel, so 


the wire would stretch about twice as much. (0.18 mm) Suin Fs = 0.33 mm. 


11.90: Solving Eq. (11.14) for AV, 


AV =—kV,AP — kV, 3 


2 
- (110x107! Pa~ 2501) 0420 Eg)9.50 m/s ) 
(0.150 m) 


— —0.0541L. 


The minus sign indicates that this is the volume by which the original hooch has 
shrunk, and is the extra volume that can be stored. 


11.91: The normal component of the force is Fcos@ and the area (the 
intersection of the red plane and the bar in Figure (11.52)) is 4/cos6, so the 


normal stress is (F/4)cos'8 

b) The tangential component of the force is F sin, so the shear stress is 
(F/A) sin 8 cos 8. 

C) cos/8 is a maximum when cos 0 =1, or 8 — 0. d) The shear stress can be 
expressed as (F/2.4)sin (28), which is maximized when 


jo 
sin (22) 21, or 8 = = = 45°. Differentiation of the original expression with respect 


to 8 and setting the derivative equal to zero gives the same result. 


11.92: a) Taking torques about the pivot, the tension T in the cable is related to 


the weight by Tsin 62, = mgi/2, so T = oe "à The horizontal component of the 
sin 


force that the cable exerts on the rod, and hence the horizontal component of the 


www.FreeLibros.me 


force that the pivot exerts on the rod, is 7 cot and the stress is 5494. 


b) 
| AF  mgl,cot8 
AY 2AY 

c) In terms of the density and length, (m/4)=pi,, so the stress is 
(phg/2)cot@ and the change in length is (pi7¢/2Y)cot@. d) Using the numerical 
values, the stress is 1.4x10? Pa and the change in length is 2.2x10 m. e) The 
stress is proportional to the length and the change in length is proportional to the 
square of the length, and so the quantities change by factors of 2 and 4. 


Al 


11.93: a) Taking torques about the left edge of the left leg, the bookcase would 


tip when F = Se" =) — 750 N, and would slip when F = (4: 1500 N) = 600N, so 


the bookcase slides before tipping. b) If Fis vertical, there will be no net 
horizontal force and the bookcase could not slide. Again taking torques about the 


left edge of the left leg, the force necessary to tip the case is 7755723 — 13.5 kN. 


c) To slide, the friction force is f = 4, (w-- F cos @), and setting this equal 
to F sin ô and solving for F gives 

= BW 

— sin 0— u, cos 
To tip, the condition is that the normal force exerted by the right leg is zero, and 
taking torques about the left edge of the left leg, 
F sin 2 (1.80 m)+ F cos 8(0.10 m) = w(0.90 m), and solving for F gives 


du zd 
(1/9) cos 8+ 2sin @ 
Setting the expression equal gives 
B, (0/9) cos 8+ 2 sin @) = sin ê — p, cos 8, 
and solving for @ gives 


8 =arctan Poni = 66°, 
a f 2u, ) 


11.94: a) Taking torques about the point where the rope is fastened 1o the 
ground, the lever arm of the applied force is 4 and the lever arm of both the 


weight and the normal force is &tan andso F2 — (n— w)ktan 8 Taking torques 
about the upper point (where the rope is attached to the post), f= F 4. Using 
f= un and solving for F, 
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4 
Meu T. T. L) -zaoni E" = 400 nN, 
0.30 tan 36.9° 


b) The above EL 8 F,nand f become 
Fz k=(n-w)k tan 8f ——F, 


and eliminating f and n and C» for F eives 
= 
TER | 
4 tang 


and substitution of numerical values gives 750 N to two figures. c) If the force is 
applied a distance y above the ground, the above relations become 


Fy=(n—w)htan@ F(h-y)= fh, 
which become, on eliminating zand f, 


4 tan 8 
As the term in square brackets approaches zero, the necessary force becomes 
unboundedly large. The limiting value of y is found by setting the term in square 
brackets equal to zero. Solving for y gives 
y_ tan tan 36.9° 


h u,+tang 0.30 + tan 36.99 — 


11.95: Assume that the center of gravity of the loaded girder is at 7/2, and that 
the cable is attached a distance x to the right of the pivot. The sine of the angle 
between the lever arm and the cable is then hj ye + ((£/2)—x)’, and the tension is 
obtained from balancing torques about the pivot; 


pcre - wL/2 
Jic + (4/2) xy. : 


where wis the total load (the exact value of wand the position of the center of 
gravity do not matter for the purposes of this problem). The minimum tension will 
occur when the term in square brackets is a maximum; differentiating and setting 
the derviative equal to zero gives a maximum, and hence a minimum tension, at 
xa, = GC /L)+ (1/2). However, if x, > Z, which occursif h > Z/ V2, the cable must 
be attached at Z, the furthest point to the right. 


11.96: The geometry of the 3-4-5 right triangle simplifies some of the 
intermediate algebra. Denote the forces on the ends of the ladders by 
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F, and F, (left and right). The contact forces at the ground will be vertical, since 
the floor is assumed to be frictionless. a) Taking torques about the right end, 
F,(5.00 m) = (480 N)(3.40 m) + (260 N)(0.90 m), so F, = 391N. F, may be found in a 
similar manner, or from F, —840 N — F, = 449 N. b) The tension in the rope may be 
found by finding the torque on each ladder, using the point A as the origin. The 
lever arm of the rope is 1.50 m. For the left ladder, 
T (1.50 m) = F, (3.20 m)— (480 N)i1.60 m), so T = 322.1N (322 N to three figures). As a 
check, using the torques on the right ladder, 
T (1.50 m) = F, (1.80 m) — (360 N)(0.90 m) gives the same result. c) The horizontal 
component of the force at 4 must be equal to the tension found in part (b). The 
vertical force must be equal in magnitude to the difference between the weight of 
each ladder and the force on the bottom of each ladder, 480 N—391 N = 449 
N-360 N = 89 N. The magnitude of the force at A is then 
(322.1 Ny’ + (89 NY. 2 334 N. 

d) The easiest way to do this is to see that the added load will be distributed 
at the floor in such a way that 
F; =F, + (0.36800 N) = 679N, and F; = F, + (0.64)(800 N) = 961 N. Using these 
forces in the form for the tension found in part (b) gives 


p FíG20m)-(480N)d.60m) _ Fs (1.80m) — (360 NX0.90m) _ 936 53N, 


which is 937 N to three figures. 


11.97: The change in the volume of the oil is = &,v,Ap and the change in the 
volume of the sodium is = kv, A». Setting the total volume change equal to Ax (x is 
positive) and using Ap = F/ 4, 

Ax — (koVo + kV, (F/ A), 
and solving for k, gives 


11.98: a) For constant temperature (AT = 0), 


A(pV)- (Ap + p(AV)- 0. and p= TP 


b) In this situation, 
(Ap! yplAV V" =0, (Ap) p =0, 
and 
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AF 
AV 


YP. 


11.99: a) From Eq.(11.10), Aj = 220% s/15 9) _ 6 65,10 m or 0.66 mm 


(20x10? Pajf5.00x1077 m?) 

to two figures. b) (4.50 kg)(9.80 m/s? )(0.0500» 10? m) = 0.022 J. c) The magnitude 
F will be vary with distance; the average force is Y 4(0.0250cm/7,) 216.7 N, and so 
the work done by the applied force is (16.7 N)(0.0500x 10? m) 2 8.35 x 10? J. d) The 
wire is initially stretched a distance 6.62» 10 * m( the result of part (a)), and so the 
average elongation during the additional stretching is 9.12x10~ m , and the 
avcrage force the wirc exerts is 60.8 N. The work donc is negative, and cqual to 
— (60.8 NY(0.0500» 10? m) = —3.04 x 10? J. e) See problem 11.82. The change in 
elastic potential energy is 
(20x10? Pa(5.00x 10 m^) 

2(1.50 m) 
the negative of the result of pari (d). (If more figures are kept in the intermediate 
calculations, the agreement is exact.) 


Note: to obtain the numerical results given in this chapter, the following numerical values 
of certain physical quantities have been used; 


((11.62x 10 * m*)— (662x107 my) = 3.04 x 10? J, 


G = 6.673x10  N- m'/kg?, g 29.80 m/s" and m, —5.97 x 10? kg. 


Use of other tabulated values for these quantities may result in an answer that differs in 
the third significant figure. 

12.1: The ratio will be the product of the ratio of the mass of the sun to the mass of the 
earth and the square of the ratio of the earth-moon radius to the sun-moon radius. Using 
the earth-sun radius as an average for the sun-moon radius, the ratio of the forces is 


3.84x10 m Y (1.99x10" kg) _ 5 ig 
1.50x10'm} (5.97x10* ke} ` 


12.23: | Use of Eq. (12.1) gives 


mm - (5.97 x10" ke)(2150 kg) 
Ue = (6673x10* N-m*/kg?)—— 7 EA E 
r (7.8x10° m+ 6.38 x10" m) 

The ratio of this force to the satellite's weight at the surface of the earth is 

4 
— Q61410' N) — 9.79 799, 
(2150 kg (9.80 m/s?) 


-1.67x10* N. 


F, =G 
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(This numerical result requires keeping one extra significant figure in the intermediate 
calculation.) The ratio, which is independent of the satellite mass, can be obtained 
directly as 


yielding the same result. 


12.3: jl ail BI linc sp, 


2 
(nna) M 


12.4: The separation of the centers of the spheres is 2R, so the magnitude of the 
gravitational attraction is GM ^/(2R)! = GM^/AR'. 


12.5: a) Denoting the earth-sun separation as R and the distance from the earth as x, 
the distance for which the forces balance is obtained from 
GM;m — GMyim 


(R- x) x? 
which is solved for 
s% oum nr 
1+ |—- 
M, 


b) The ship could not be at equilibrium for long, in that the point where the forces 
balance is moving in a circle, and to move in that circle requires some force. The 
spaceship could continue toward the sun with a good navigator on board. 


12.6: a) Taking force components to be positive to the right, use of Eq. (12.1) twice 
gives 


. 5.00k 10.0 
F, = (6673x107 N - m*/ke? (0.100 ks) ay aaa 


-2-232x10"N 
with the minus sign indicating a net force to the left. 


b) No, the force found in part (a) is the net force due to the other two spheres. 
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22 
12.7: (6.67310 N. on? kg?) OS) 133x10 Be) oyyy N. 
3.78x105 m)? 
12.8: (833,000) = 6.03x10* 
(23, 500) 


12.9: Denote the earth-sun separation asr, and the earth-moon separation as r. 


a) (G n.) 


toward the sun. b)The earth-moon distance is sufficiently small compared to the earth- 
sun distance (r, << r) that the vector from the earth to the moon can be taken to be 
perpendicular to the vector from the sun to the moon. The components of the 
gravitational force are then 


gc esosaon, 
n 


GmyMs _ 434x10” N, Sae -1.99x10”N, 

"n e 
and so the force has magnitude 4.77 «10? N and is directed 24.6? from the direction 
toward the sun. 


c) (om) ^ 


toward the sun. 


zl- 2.37x10”N, 


2 
“a 4 


12.10: 
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F a 72F,cos45? - E, 


Gmym, cos 45? á GM, Mp 


-2 2 2 
Pap Yap 
_ 2(6.67 x10"! Nm’ /kg° (800 kg)’ cos 45° 
(0.10 m) 
, (6.67» 10 Nm'/kg^) (800 ke)’ 
(0.10 my? 


=8.2 x10^ N, toward the center of the square 


12.11: 


m, 


m, = m, = m, = 500kg 
5n, = 0.10 m; z, = 0.40 m 


F - G7 —1.668x10°N 
m 

F, = G7 = 1.043x107N 
ra 


F = F- F, =1.6x10°N, to the left 
12.12: The direction of the force will be toward the larger mass, and the magnitude 
will be 


Gmm Gmm _4Gm(m,—m,) 
2*5 (ajf P — 


12.13: For convenience of calculation, recognize that the mass of the small sphere will 
cancel. The acceleration is then 


2G(0.260kg) _ 6.0 


x 


(10.0x10 m)" 10.0 


224x10? m/s? , 


directed down. 
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12.14: Equation (12.4) gives 


zl 2 2 22 
_ 5676310" N-m'/kg" JU.5xl0"kg) o. st 


(1.15x10°m) 


12.15: To decrease the acceleration due to gravity by one-tenth, the distance from the 


earth must be increased by a factor of V10,and so the distance above the surface of the 
earth is 


(io -1)R, =1.38«10"m 


12.16: a) Using g, = 9.80m/s?,Eq(12.4) gives 


se] sons) 


= (9.80 m/s?)(.905) 
=8.87 m/s’, 


where the subscripts v refer to the quantities pertinent to Venus. b) (8.87 m/ $*)(5.00 kg) 
= 44.3N. 


12.17: a) See Exercise 12.16; 


1700 


Sinan = (9.80m/s") (8 - 0.369 m/s? 


2 F 1 ; 1/1 700 = 
b) = AE „or rearranging and solving for density, p, = pp ame 7 — = 


m "ro CUf$4y 


(5500 ke / m^) (312) 21656 ke /m^, or about 0.39 pE. 
1700 


12.18: M = - 244 x10" kgand p= -1.30x 10 Kg/m?. 


(i 
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Pm. 


12.19: F-G 


2 
J 
r= 600x10°m+R, so F - 610N 


At the surface of the earth, w= mg = 735 N. 


The gravity force is not zero in orbit. The satellite and the astronaut have the same 
acceleration so the astronaut' s apparent weight is zero. 


12.20: Get gon the neutron star 


5 GmM .. 
Eu = R? 
GM a 
Sas "s R? 
Your weight would be 
Hu | mGM p 
Was r1 ME ns E Ri 


_{ 675N )(667x10" Nm'/ke? y1.99»10? kg) 
9.8 m/s? (10* m)' 


=91x10°N 


12.21: Fromeq. (12.1), G=Fr?/mm, ,and from Eq. (12.4), g = Gm, / R2; combining 
and solving for R,, 


mm; Ri 
Me a a 5.98 x10" kg. 


y 


12.22: a)From Example 12.4 the mass of the lander is 4000 kg. Assuming Phobos to 
be spherical, its mass in terms of its density pand radius Ris (4x/3)pR^, and so the 
gravitational force is 


G(4z/3Y4000 kg) pR? 


R? = G(4x/3)(4000 kg)(2000 kg /ui? 12x 10 m) = 27 N. 
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b) The force calculated in part (a) is much less than the force exerted by Mars in Example 
12.4. 


12.233: J2GM/R -42(6.673x10 ^ N-m'/kg^)(3.6x10" ke)/(700 m) 
— 0.83 m/s. 


One could certainly walk that fast. 


12.24: a)F- Gmgm/ r? and|U’|= Gmgmjr, so the altitude above the surface of the 
E — R, = 9.36x10* m. b)Either of Eq. (12.1) or Eq. (12.9) can be used with the 
result of part (a ) to find m, or noting that U^ = GM, m? /r, m-U"/FGM, 


= 2.55x10° kg. 


earth is 


12.25: The escape speed, from the results of Example 12.5, is 2GM/R. 
a)42(6.673 x 10! N-m’/ke*)(6.42 x 10? ke)/(3.40 x 10° m) = 5.02x10* m/s. 


b)4/2(6.673 x 10! N- m^/kg^)(1.90x 10 kg)/(6.91x10" m) = 6.06 x10* m/s. 


c) Both the kinetic energy and the gravitational potential energy are proportional to 
the mass. 


12.26: a) The kinetic energy isK =4mv*,or K 2 1(629 kgy(3.33« 10^ m/s)’, 
or KE = 3.49 x10" J. 


bU-- GMm — (6.673x10"' N- m'/kg?)(5.97 « 10* kg )(629 kg) 
r 2.87 x10? m : 


or U =-8.73x107 J. 


12.27: a) Eliminating the orbit radius r between Equations (12.12) and (12.14) gives 
pa Gg _ 2a (6.673 x10! N -m?/kg?)(5.97 x10" kg) 
y» (6200 m/s) 
=1.05 x 10*5 =175 min. 
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2xv 


b £ -371m/s. 
) 7 / 


12.28: Substitution into Eq. (12.14) gives T = 6.96x10° s, or 116 minutes. 


12.29: Using Eq. (12.12), 
„= [667310 SUE 5.97 x10" ke Tma 
6.38 x10? m4 7.80x 10? m 


12.30: Applying Newton's second law to the Earth 


> F = ma: 
2 
GMM, _ Y 
2 mdr. 
r r 
2 
ry 2m 
m,- —andv- 
G Tus 


Ry ass 
VU OW GT. 
—— Exi a 
(6.67 x10 Nm" /kg^ )[(365.3d 555192] ? 
= 2.01x10” kg 


12.31: =F =ma, for the baseball. 
The net force is the gravity force exerted on the baseball by Deimos, so 


mm. v 


Ri R» 


v= Gm, / Ry —4/(6.67x107! N-m?/kg?)(2.0x10"° kg)/(6.0x 10* m) — 4.7 m/s 
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A world-class sprinter runs 100 m in 10 s so have v — 10 m/s;v — 4.7 m/s for a thrown 
baseball is very achieveable. 


12.32: Apply Newton's second law to Vulcan. 


7 An’ |2(5.79x10°m)|* 
(6.67 «10 Nm*/ke?^)(1.99 10? kg) 


cd ddxiifd.— . 47 9days 
86,4005 


5 


- (6.673% 107 N- m?/ke^)(0.85»1.99x 10? ke)/ (1.50 10 mX0.11)) 


- 8.27 x10* m/s. 


b) 2zr/ v — 1.25 x 1055 (about two weeks). 


12.34: From either Eq. (12.14) or Eq. (12.19), 


= Aw 4s (1.08 x 10 my 
? GT?  (6673x10"' N- m'/kg?) (224.7 d)(8.64 x 10* s/d)? 
—1.98 x 10? ke. 


12.35: a) The result follows directly from Fig. 12.18. b) (1— 0.248)(5.92 x 107 m) 
=4.45x10"m, (12-0.010)(4.50x10^ m) 2 4.55x10" m. c)T — 248 y. 
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12.36: a) ed vm 27,07 x10 m. 


b) From Eq. (12.19), using the result of part (a), 


10. 2 
P ——— DNA O a nites 


4(6.673x 10 N- m'/kg^ 1.90 10" kg) 


c) From Eq. (12.14) the radius is (8)*? = four times that of the large planet's orbit, 
or 2.8310" m. 


12.37: a) Fora circular orbit, Eq. (12.12) predicts a speed of 


(6.673 x10 N. m?/kg?^)(1.99x 10? ke)/(43x 10* m) = 56 km/s. 


The speed doesn't have this value, so the orbit is not circular. b) The escape speed for any 
object at this radius is 42 (56km/s) = 79km/'s so the spacecraft must be in a closed 
elliptical orbit. 


12.38: a) Divide the rod into differential masses dm at position /, measured from the 
right end of the rod. Then , dm — d! ( M/L ), and 


Integrating, 


U=- E gn E ui 


L “Ol+x L 


GmM ; di GmM (1#) 


x 


For x >> L, the natural logarithm is ~ (Z/x),and U — —Gm M/x. b) The x-component 
of the gravitational force on the sphere is 
ôU GmM (-L/x’) GmM 


Ra =- ; 
x L ü-(Q/x) (x -4Ix) 


with the minus sign indicating an attractive force. As x >> L, the denominator in the 
above expression approaches x^, and F, > GmM / x? , as expected. The derivative may 


also be taken by expressing 
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(+=) - In(x + £)—Inx 
x 
at the cost of a little more algebra. 


12.39: a) Refer to the derivation of Eq. (12.26) and Fig. (12.22). In this case, the red 
ring in Fig. (12.22) has mass M and the common distance s is¥x* +a’ . Then, 


U- -GMmj Vx? ^a^. b)Whenx- a, the term in the square root approaches x? 
and U + — GMmjx , as expected. 
ôU GMmx 


d re h 
9 s ôx ateh 


with the minus sign indicating an attractive force. d) when x — a, the term inside the 
parentheses in the above expression approaches x^and E. — —-GMmx/ (x^ y^" 
—GMm 


a 
x= 0. This makes sense because the mass at the center is a constant distance a from the 
mass in the ring. The result of part (c) indicates that F, = Owhen x= 0. At the center of 
the ring, all mass elements that comprise the ring attract the particle toward the respective 
parts of the ring, and the net force is zero. 


=—GMm/'x’ , as expected. e) The result of part (a) indicates that U = when 


12.40: At the equator, the gravitational field and the radial acceleration are parallel, 
and taking the magnitude of the weight as given in Eq. (12.30) gives 


W= My —mda,,- 


The difference between the measured weight and the force of gravitational attraction is 
the term ma. The mass m is found by solving the first relation for m, m =“. Then, 
o red 
Aad w 


Zo — rad Ü (gof a. j-r 


Maag ZW 


Using either g, = 9.80 m/s? or calculating £y from Eq. (12.4) gives ma, —2.40 N. 


12.41: a) Gm,m/ R? = (10.7 m/s? (5.00 ke)= 53.5 N, or 54N to two figures. 
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2 7 
b) mg, — ai) Gone; 0.7 m/s? — (is (2.5x 10' m 


(16h)(3600 s/h) | = 52.0N. 


2 2 
mam dj GMin (Re^/2) me's 
r r 2r 
8 =2 
$ (5.00 ke 5.00210" m/s (.410*m). 4.0. 
2(3.00:105 mÝ 


c) Solving Eq. (12.32) for M, 


ag Re. (14-0010 mJ(.00710* m/s 
2G 216.573x 10 N -m?/kg* 


- 944 x 10" kg. 


12.43: a) From Eq. (12.12), 


Ryo (7.5 ly9.46110" m/ly 20010 m/s 
G 6.673 x10 N-m'/keg? 


—4.3x10" kg =2.1x10 M,. 
b) It would seem not. 


c) Ry =—— = —— -632»10" m, 


which does fit. 


12.44: Using the mass of the sun for M in Eq. (12.32) gives 


zit 2 2 3 
g, - 2661210 N-m'/kg")(.99x10? kg). 5 os pm, 


(3.0010 m/s} 


That is, Eq. (12.32) may be rewritten 


Using 3.0 km instead of 2.95 km is accurate to 1.7%. 
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R, _ 2(6.67x107! Nm'"/kg? 5.9710" ke 


e -14 x10. 
Re (310 m/s) (6.38x10 m) 2 


12.45: 


12.46: a) From symmetry, the net gravitational force will be in the direction 
45? from the + x-axis (bisecting the x and y axes), with magnitude 


(6.673 x10 N- m'/kg^)(0.0150 in| E + 9.0 0kg) ina 
(2(0.50:0)?) (0.5011) 


29.67 x10 N. 


b) The initial displacement is so large that the initial potential may be taken to be zero. 
From the work-energy theorem, 


Laph "| (20kg) |, (0kg) } 
2 V2 (0.50m)  (0.50m) 


Canceling the factor of m and solving for v, and using the numerical values gives 
p —3.02x10^ m/s. 
12.47: The geometry of the 3-4-5 triangle is available to simplify some of the algebra, 


The components of the gravitational force are 


p (Sx 10^" N- m^/kg^X0.500 kg)(80.0 kg) 3 
z (5.000 m)? 5 


= 6406x107! N 


F, = (6.673 10^"! Nm fkg’ XO S00ke (GOUKE) , 10kg) d 


(4.000m)? (5.000 m)' 5 
= 2.105107? N, 


so the magnitude is 2.20 10 ^ N and the direction of the net gravitational force is 
163? counterclockwise from the + x -axis. b) Aatx = 0, y =1.39 m. 
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12.48: a) The direction from the origin to the point midway between the two large 


masses is arctan (24%=) = 26.6°, which is not the angle(14.6°) found in the example. 


b) The common lever arm is 0.100 m, and the force on the upper mass is at an angle of 
45° from the lever arm. The net torque is 


1 o 
(6.673107! N-m'/kg^ 0.0100 kgX0.500 key (100 nsin49" — (0-100m) 
2(0.200m)  (0200m) 


2—5.39x10 7 N- m, 


with the minus sign indicating a clockwise torque. c) There can be no net torque due to 
gravitational ficlds with respect to the center of gravity, and 30 thc center of gravity in 
this case is not at the center of mass. 


12.49: a) The simplest way to approach this problem is to find the force between the 


spacecraft and the center of mass of the earth-moon system, which is 4.67 x10° m from 
the center of the earth. 


The distance from the spacecraft to the center of mass of the earth-moon system is 
3.82x10*m. Using the Law of Gravitation, the force on the spacecraft is 3.4 N, an 
angle of 0.61? from the earth-spacecraft line. This equilateral triangle arrangement 
of the earth, moon and spacecraft is a solution of the Lagrange Circular Restricted 
Three-Body Problem. The spacecraft is at one of the earth-moon system Lagrange 
points. The Trojan asteriods are found at the corresponding Jovian Lagrange 
points. 


b)The workis W = — Ma — 6.673x10 T N m? / ke "(5 97x07 kot? 35107? key 1250. ke) , 


Za 3.84 m PE 


W --131x10 J. 


12.50:  Denote the 25-kg sphere by a subscript 1 and the 100-kg sphere by a 
subscript 2. a) Linear momentum is conserved because we are ignoring all other 
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forces, that is, the net external force on the system is zero. Hence, mv; = m;v, 


This relationship is useful in solving part (b) of this problem. b)From the work- 
energy theorem, 


and from conservation of momentum the speeds are related by mv; = m;v,. Using 
the conservation of momentum relation to eliminate v, in favor of v, and 
simplifying yields 


with a similar expression for v,. Substitution of numerical values gives 
v, 21.63x107 m/s, v, = 4.08x10° m/s. The magnitude of the relative velocity is 
the sum of the speeds, 2.04 x 10^ m/s. 

c) The distance the centers of the spheres travel (x, and x, ) is proportional to 
their acceleration, and 2 = 2 ==, or x, =4x,. When the spheres finally make 
contact, their centers will be a distance of 2R apart, or x, +x,+2R=40m, 
or x, +4x,+2R=40m. Thus, x, =8m-—04R,andx, = 32m-—1.6R. 


12.51: Solving Eq. (12.14) for r, 


2 
R= Gm, (Z) 
2r 
2 
= (6.673x10"! N- m"/kg?^ (5.97 10^ eo SAN 
A 


= 5.614 x 10? m, 
from which r = 3.83x10* m. 


12.52: g-|g|- SP eels L 5.935107 N/ke, directed toward the 


center of the sphere. 


12.53: a) From Eq. (12.14), 


i 2 
E om.) = (6613107 N- m‘/kg") (5.97x10™ kg) Se) 
jm 2x 
= 7492x107 m°, 
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and so =r- R, —3.58x10' m. Note that the period to use for the earth's rotation 
is the siderial day, not the solar day (see Section 12.7). b) For these observers, the 
satellite is below the horizon. 


12.54: Equation 12.14 in the text will give us the planet's mass: 


| Amp — Ax (5.755x10? m+ 4.80x10* my 
P GT! (667x10' N.-m'/kg^y(5.8x10* s) 
= 2.731x10™ ke , or about half earth's mass. 


Now we can find the astronaut's weight on the surface (The landing on the north 
pole removes any need to account for centripetal acceleration): 


P 


so OM sia _ (6613x107 N. m'/kg? o.731»10* ke ]85.6kg) 
5 (4.80105 mÝ 
=677N 


12.55: In terms of the density p, the ratio M/R is (47/3) oR", and so the escape 
speed is 


v= A(82/3)(6.673 x10! N-m?/kg? )(2500 kg /m*)(150x10° m) =177 m/s. 


12.56: 


a) Following the hint, use as the escape velocity v= J 2gh, where Ais the 


height one can jump from the surface of the earth. Equating this to the expression 
for the escape speed found in Problem 12.55, 


2gh = 2" oar’, eRe” ae 
3 a PG 


kd 
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where g= 9.80 m/s? is for the surface of the earth, not the asteroid. Using 

hà =1m (variable for different people, of course), R = 3.7 km. As an alternative, if 
one's jump speed is known, the analysis of Problem 12.55 shows that for the same 
density, the escape speed is proportional to the radius, and one's jump speed as a 
fraction of 60 m/s gives the largest radius as a fraction of 50km. b) With 


a=v'/R, p = 32; = 3.03x10^ kg/m". 


12.57: a) The satellite is revolving west to east, in the same direction the earth is 
rotating. If the angular speed of the satellite is c, and the angular speed of the 


earth is c, the angular speed æ of the satellite relative to you is c, = co, — cog. 
c, = (Irev)/(12h)= (4 )rev/ h 
ao, = (rev/h 
co, = 6,4 + o = (1)rev/h = 2.18 10^ rad/s 


» 
This is the radius of the satellite's orbit. Its height # above the surface of the 
earth is k =r- R, —1.39x10' m. 
b) Now the satellite is revolving opposite to the rotation of the earth. 
If west to east is positive, then c,, — (- 1 )rev/h 


O, = 0. + Og = (-4)rev/h = —7.27 x10? rad/s 


2 
LF=ma says Gs =m% 
¥ r 
ie Ea subse rür this gives r^ = tmt ;r-2.03x10' m 
t 


r= xui givesr —4.22x10' mand 2 2 3.59x 10 m 
c 


12.58: (a) Get radius of X : L(2zR)- 18850 km 
R —1.20x10' m 


Astronant mass: m =2= TER = 96.2 kg Use astronant at north pole to get mass of 


Apply Newton’s second law to astronant on a scale at the equator of X. 
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: gav = R 
2nR mÆ)  4r’mR 
=——»F —-F = I A E 
y gav scale R T! 
2 7 
915.0N 850.0N = 4x aero m) 


T-—2.65x ro'f 2) = 7.36 hr, which is one day 
3600s 


(b) For satellite: V F = ma > Sps = =" wherey = 22% = (2e 


= Arr Az ^ (1.20x10! m 2x10 my 
Gm, (6.67 x10! Nm'/kg^)(2.05x 10" kg) 


T =8.90x 10s = 2.47 hours 


12.59: The fractional error is 


mgh g 
1- I -1-——(R, + h)(R, ). 
Gmm LATET Gm, 


At this point, it is advantageous to use the algebraic expression for g as given in 
Eq. (12.4) instead of numerical values to obtain the fractional difference as 
1—(R, + #)/R, — — hi R, so if the fractional difference is 
—]196, k = (0.01)R, —6.4x10* m. 

If the algebraic form for g in terms of the other parameters is not used, and the 
numerical values from Appendix F are used along with g= 9.80 m/s’, 
h/R, —8.7«10^, which is qualitatively the same. 


12.60: (a) Get g on Mongo: It takes 4.00 s to reach the maximum height, where 
v= O then v, — gt > 0=12.0m/s— g(4.00 s) 

g - 3.00 m/s? 
Apply Newton's second law to a falling object: 


LF =maimg= M. >M = gR*/G 
2R =C — R=C}2r 


3.00 2 [2.00107 m 
M aip PO] eq kg 


6.67 x10 Nm? /kg? 
b) Apply Newton's second law to the orbiting starship. 
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YF-ma : 
r r 
2zr An’ 
v=— 9 T= | 
E GM 


r= R +30,000km - — +3.0x10 m 
T 


" Ag (2202 4 3.010" my 
y (6.67x10™! Nm?/kg?)(4.56x10? kg) 


=5.54x10* 1 -— )- 15.4h 
3600s 


mm, 
2. 
E 
At the top of Mount Everest, a height of 4 = 8800 m above sea level, the gravity 
force on you is 
F, MMe PUM 


= eL —G——— —— 
(Ry +h) RR 


MR! e1- TE -n| =) 
E 


12.61: At Sacramento, the gravity force on you is F, = G 


Re 
E-E 2h o% 
F A 


E 


12.62: a) The total gravitational potential energy in this model is 


b) See Exercise 12.5. The point where the net gravitational field vanishes is 


o Rm 0. à 
r= dei. 3.46x10° m. 
Using this value for r in the expression in part (a) and the work-energy theorem, 
including the initial potential energy of — Gm(m, / Ra + m, /(R4, — R,)) gives 
11.1 km/s. c) The final distance from the earth is not R, but the Earth-moon 
distance minus the radius of the moon, or 3.823» 10 m. From the work-energy 
theorem, the rocket impacts the moon with a speed of 2.9 km/s. 
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12.63: One can solve this problem using us conservation, units of J/kg for energy, 
and basic concepts of orbits. E = K +U, or — 9€ = y? — 9€ where E, K andU are the 
energies per unit mass, v is the circular orbital viliodly of 1655 m/s at the lunicentric 
distance of 1.79 10^ m. The total energy at this distance is — 1.37 10^ J/Kg. When the 
velocity of the spacecraft is reduced by 20 m/s, the total energy becomes 


(6.673 x10 N- m^ / k^ )(7.35 x 10" kg) 


f= esa Omni - : 
2 (1.79 105 m) 


or E -—1.40x10* J/kg. Since E--9E, we can solve for a,a —1.748x 105 m,the semi 


-major axis of the new elliptical orbit. The old distance of 1.79x10* m is now the 
apolune distance, and the perilune can be found from 


a="? „r, = 1.706 x10° m. Obviously this is less than the radius of the moon, so the 


spacecraft crashes! At the surface, U — — 2 or, U = —2.818 x 10° J/kg. 


Since the total energy at the surface is — — J/kg, the kinetic energy at the surface 
is 1.415x10° J/kg.So, L^ —1415x10* J/kg, or v=1.682 x 10* m/s = 6057 km/h. 


12.64: Combining Equations (12.13) and (3.28) and setting 
aa = 9.80 m/s" (sothat c = Qin Eq. (12.30)) 


T =2n [R =5.07x10 s, 
Brad 


which is 84.5 min, or about an hour and a half. 


12.65: The change in gravitational potential energy is 


h 
Hi-— AS 
(e) RO. RR, +h) 
so the speed of the hammer is, from the work-energy theorem, 


2Gm,h 


(Re +h)Re 
12.66: a) The energy the satellite has as it sits on the surface of the Earth is E, = 


Ens 
fr 


The energy it has when it is in orbit at a radius R = R, is E, = Sails . The work needed to 


Grit x 


put it in orbit is the difference between these: W = E, - E, = 
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b) The total energy of the satellite far away from the Earth is zero, so the additional 


work needed is 0— (ema) ME 
z =z 


c) The work needed to put the satellite into orbit was the same as the work needed 
to put the satellite from orbit to the edge of the universe. 


12.67: The escape speed will be 


v= a. Ts | 4.35 x 10* m/s. 
Re Ras 


a) Making the simplifying assumption that the direction of launch is the direction of the 
earth's motion in its orbit, the speed relative the earth is 


2n(1.50 10 m) 


(3.156 x10) 
: + 2x(5.38xl0* m) cos 28.5? 2 
b) The rotational at Cape Canaveral is 77 "= = 4.09 x 10° m/s, so the speed 


relative to the surface of the earth is 1.33x10* m/s. c) In French Guiana, the rotational 
speed is 4.63» 107 m/s, so the speed relative to the surface of the earth is 1.32 x 10* m/s. 


SEA = 4.35x10* m/s— =1.37x10* m/s. 


12.68: a) The SI units of energy are kg m/s, so the SI units for ¢ are m^/s?. Also, 
it is known from kinetic energy considerations that the dimensions of energy, kinetic or 
potential, are mass x speed’, so the dimensions of gravitational potential must be the 


same as speed’.b) $ 2 —Z =. 


m F 


c) a A J/kg. 
Re 
d) mA@=5.53x10" J. (An extra figure was kept in the intermediate calculations.) 


. sy: ma 7 . . 
12.69: a) The period of the asteroid is T = 27 Inserting 3x 10'' m for a gives 


2.84 y and 5x 10" m gives a period of 6.11 y. 


b) If the period is 5.93 y, then a = 4.90x 10^ m. 
c) This happens because 0.4 — 2/5, another ratio of integers. So once every 5 orbits 


of the asteroid and 2 orbits of Jupiter, the asteroid is at its perijove distance. Solving 
when 7 = 4.74 y, a = 4.22 x10! m 
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12.70:  a)In moving to a lower orbit by whatever means, gravity does positive work, 


2 
‘ G E 
and so the speed does increase. b) From = i v= (Gm, Y r U? so 
¥ ry 


Av- (6m, ^(- a = (=) joe à 


Note that a positive Aris given asa decrease in radius. Similarly, the kinetic energy is 
K =(1/2)nv? = (V2)Gm, m ! r, and so AK = (1/2 ¥Gm,m ! ^ Wr, AU =-(Gm,m/r?) 
Ar and W = AU + AK = (Gn, /2r? Jar, is agreement with part (a). c)v 


= Gm, /r = 7.7210 m/s, Av= (ar 2N Gmr = 28.9 m/s, E = -Gm,m/ 2r = 
—8.95 x 10" J (from Eq. (12.15), AK =(Gm,m/2r? (Ar) = 6.70x10* J, AU =-2AK = 


—1.34x10? Jand W — —AK — —6.70x10* J. d)As the term “burns up" suggests, the 
energy is converted to heat or is dissipated in the collisions of the debris with the 
grounds. 


12.71: a) The stars are separated by the diameter of the circle d —2R, so the 
gravitational force is v 


b) The gravitational force found in part (b) is related to the radial acceleration by 
F-Ma,- My! / R for each star, and substituting the expression for the force from part 


(a) and solving for v givesv = 4 GM /AR. The period is 


T = 28 = J16z^ R^ /GM — AsR | JGM. c) The initial gravitational potential energy is 
—GM ^ /2R and the initial kinetic energy is 2(1/2)Mv^ — GM ^/AR, so the total 
mechanical energy is — GM ^ /2R.If the stars have zero speed when they are very far 
apart, the energy needed to separate them is GM? /4R. 


12.72: a)The radii R, and R, are measured with respect to the center of mass, and so 
MR, =M,R,,andR,/R, =M,/M,. 

b) If the periods were different, the stars would move around the circle with respect 
to one another, and their separations would not be constant; the orbits would not remain 
circular. Employing qualitative physical principles, the forces on each star are equal in 
magnitude, and in terms of the periods, the product of the mass and the radial 
accelerations are 

An MR Ax MR, 
T Doc 
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From the result of part (a), the numerators of these expressions are equal, and so the 
denominators are equal, and the periods are the same. To find the period in the symmetric 
from desired, there are many possible routes. Àn elegant method, using a bit of hindsight, 


SMW so that 


is to use the above expressions to relate the periods to the force F, = are 


equivalent expressions for the period are 


Mr -RRRS 


MT? = 4n'R, (R id Ry 
1 ——MÀ————Hà 
G 


Adding the expressions gives 


id Hem or p-2MAGR)U 


JGM, +M,) 


c) First we must find the radii of each orbit given the speed and period data. In a 
circular orbit, v = 5X, or R = £ 
Thus, R, = Cee ya *86,400 sid} = 6.78 x 10'° m, and R, - CEDAR? si KL de M0 Hf} 
= 2.26x10"° m. Now find the sum of the masses and use M „R, = M ,R,, and the fact 
that R, - 3R(M,- Mj) = iretur , inserting the values of 7, and the radii, 

T da? (6.78x1 09 m: " we 3 

M, 1M) sa ERG TERT" M,+M, =3.12x10 ke. Since 
M, =MR, |R - 3M,AM, —3.12x10? kg, or M, — 7.80x10? kg, and M, = 2.34x 10? kg. 

d) Let œ refer to the star and £ refer to the black hole. Use the relationships derived 
in parts (a) and (b): Re — (M, /M ;)R, =(0.67/3.8)R, = (0.176) R,,(R, + 
R;) = guns and v — 2z* , For R, , inserting the values for M and 7 and 


x1]? 1 x10? nan! Ee? 
Ry, (R, 4 0.176R,) E [(0.67 4 3.8)(1 99x 10 Lea 75 se (6.673 x107 Nm jke H E Thus, for V616 


Monocerotis, R, — 1.9 x10* m,v, 2 4.4 x10 km/s and for the black hole: 
R; =34x10° m,v, = 77 km/s. 


12.73:  Fromconservation of energy, the speed at the closer distance is 


ve +2Gm [i-a 6.8x10* m/s. 


mG 
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12.74: Using conservation of energy, 


y = dac 1-1 ones m/s. 


a P 


The subscripts a and p denote aphelion and perihelion. 

To use conservation of angular momentum, note that at the extremes of distance 
(periheleion and aphelion), Mars’ velocity vector must be perpendicular to its radius 
vector, and so the magnitude of the angular momentum is Z, = mrv. Since Z is constant, 
the product rv must be a constant, and so 


(2.492 x 10! m) 


= (2.198 x10* m/s) LA T 
5) 0.067 107 m) 


Y, 75 -2.650x10^* m/s, 


v |e 


a confirmation of Kepler's Laws. 


12.75: a) The semimajor axis is the average of the perigee and apogee distances, 
a=s((R,+ hh) + (Ry +2, )) - 8.58x 10° m.From Eq. (12.19) with the mass of the earth, 
the period of the orbit is 


7 ona”? 


(GM, 


a little more than two hours. b) See Problem 12.74; = = “+ =1.53.c) The equation that 
C P 


T - 7.91x 10? s, 


represents conservation of energy (apart from a common factor of the mass of the 
spacecraft) is 


2 
yp Ste yp Ste 8) fOr, 
"a 
where conservation of angular momentum has been used to eliminate v, is favor of v,. 
Solving for Y and simplifying, 


"m 2Gmyr. 
P 


27.71x10" m?/s’, 


DE ct 


www.FreeLibros.me 


from which v, =8.43x10° m/s and v, = 5.51x 10^ m/s. d) The escape speed for a given 


distance is v, — 426M. /r, and so the difference between escape speed and v, is, after 
some algebra, 


xo» Pe viel 


Using the given values for the radii gives v, —v, = 2.41 x 10° m/s. The similar calculation 
at apogee givev, — v, = 3.26 x 10? m/s, so it is more efficient to fire the rockets at perigee. 
Note that in the above, the escape speed v, is different at the two points, 

v, 71.09x10* m/sand v, —8.77 x 10° m/s. 


12.76: a) From the value of g at the poles, 


2 2 7 
 gyRS _ {11.1m/s 2.556410 m) _ 1 09%10" ke, 
G 6.673 x10"! N- m?/kg 


b) Gm, /r? = g,,(R,/r) —0432 m/s'. c)Gm,,/R?, = 0.080 m/s*. d) No; Miranda's 
gravity is sufficient to retain objects released near its surface. 


My 


12.77: Using Eq. (12.15), with the mass Af, instead of the mass of the earth, the 
energy needed is 


_ (6.673107 N- m?/kg? )(6.42 10? kg (3000 kg) 


2 


1 1 
x e 
homera EE] 


=3.22 x10 J. 


12.78: a) The semimajor axis is 4x 10? m and so the period is 


2z(4x107 m" 


416.673» 107! N- m?/ke? )(1.99» 10 kg ) 
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=1.38x10" s, 


which is about 4 million years. b) Using the earth-sun distance as an estimate for the 
distance of closest approach, v — J2Gm;/ Res =4x10° 

m/s. c) (l/2)mv? = Gm, m/R — 10^ J. This is far larger than the energy of a volcanic 
eruption and is comparable to the energy of burning the fossil fuel. 


12.79: a) From Eq. (12.14) with the mass of the sun, 


y- 


(6.673107 N- m?/kg? (1.9910? kg] -— 
=1.4%X m. 
x ((310* y)(3.156x10" s/y} / 4x 


This is about 24 times the orbit radius of Pluto and about 1/250 of the way to Alpha 
Centauri. 
12.80: Outside the planet it behaves like a point mass, so at the surface: 


IF = ma: TI = mg > g - GM]R' 


Get M : M = | dm = pd¥ =! p4ar’dr. The density is p = py — br, where 
py -15.0x 105 kg/m? at the center at the surface, p; = 2.0 105 kg/m^, sob = 2 


M - [*(o, -br)anr^ dr = md — abR* 


4 — f, 1 
= zR P is «e (BzA- sig, id s. 


3 3 
(6.38 x 10° m\6.67 x10! Nm" / kg? ee 


+2.0x10° ka/a 


= 9,36 m/s? 


12.81: The radius of the semicircle is R = L/x 
Divide the semicircle up into small segments of length R dé 
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dM =(M/L)R dé - (M/ x M8 
dF isthe gravity force on m exerted by dM 
J dF, = 0; the y-components from the upper half of the semicircle cancel the y- 


components from the lower half. 
The x-components are all in the +2-direction and all add. 


T f - Gm mt h NETTE Liu (2) 
zj? L2 Jn L 
F- a 
L 


12.82: The direct calculation of the force that the sphere exerts on the ring is slightly 

more involved than the calculation of the force that the ring exerts on the ball. These 

forces are equal in magnitude but opposite in direction, so it will suffice to do the latter 

calculation. By symmetry, the force on the sphere will be along the axis of the ring in Fig. 
(12.34), toward the ring. Each mass element dM of the ring exerts a force of magnitude 
9"24. on the sphere, and the x-component of this force is 


GmdM x GmdMx 


2 2 m 12° 
a X Ja? +x? (a? +x?) 


Asx >> a the denominator approaches x° and F — 2" , as expected, and so the force on 


the sphere is GmMx (a? + x. in the — x - direction. The sphere attracts the ring with 
a force of the same magnitude. (This is an alternative but equivalent way of obtaining the 
result of parts (c) and (d) of Exercise 12.39.2 
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12.83: Divide the rod into differential masses dm at position 7, measured from the right 
end of the rod. Then, dm — di(MjL) ,and the contribution 


GmMd! 


+x E 


= di Es Ll- __GmM 


L *(i+x¥ L 


dF, from each piece is dF, = — Integrating from ? = 0 to? = L gives 


Y PM 


xL x 
with the negative sign indicating a force to the left. The magnitude is F — TE Asx >> 


L, the denominator approaches x‘ and F > E , as expected. (This is an alternative but 


equivalent way of obtaining the result of part. (h) Exercise 12.39.) 


12.84: a) From the result shown in Example 12.10, the force is attractive and its 
magnitude is proportional to the distance the object is from the center of the earth. 
Comparison with equations (6.8) and (7.9) show that the gravitational potential energy is 
given by 


This is also given by the integral of F, from tor with respect to distance. b) From part 


(a), the initial gravitational potential energy is ER. Equating initial potential energy 


and final kinetic energy (initial kinetic energy and final potential energy are both zero) 


gives v! = s ,80v — 7.90x 10" m/s. 


12.85: a) T -27. therefore 


= 
T+AT = x qatr + Ary” = t= (I+ Arf s, d ae (1+ Sar) T Aare, 


Since v= |“ AT — 34r y= JGM, r^^, therefore 


v-Av- (GM, (r +Ary? = JGM, r (1. 55) ^ e (GM, r^ - 42)» y - YEA Fi 


4? 
Since T = 4&——, Av = tr, 


Nn 


b) Note: Because of the small change in r, several significant figures are needed to 
see the results. Starting with T — T (Eq.(12.14)), T — 27 r[v , and v= | 
(Eq.(12.12)) find the velocity and period of the initial orbit: 


-l1 2 2 24 
E [(6.673 «10 N mn: fig’ )(5.97 10 kg). 612210 m/s, and. 
6.776x10°m 
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T = 27 rjv = 5549s = 92.5 min. We then can use the two derived equations to 
approximate the 


AT and A v,A T — 3e: = = 0.1228 s, and Av 


7.67210? mf, 


=e = SUR = .05662m/s. 


T (55493) — 


Before the cable breaks, the shuttle will have traveled a distance d, d 


= Ja 25m°)- (100 m^) = 75 m. So, (75 m)/(.05662 m/s) = 1324.7s = 22 min. It will take 
22 minutes for the cable to break. 

c) The ISS is moving faster than the space shuttle, so the total angle it covers in an 
orbit must be 27 radians more than the angle that the space shuttle covers before they are 


once again in line. Mathematically, — EET = 2x . Using the binomial theorem and 


neglecting terms of order AvAr, t — 9-9» (1.4 2)" ast (a2 4 w) 2x . Therefore, 


» 


as was to be 


=u = . Since 2x r - vT and Ar = E, t=—___ = ir. 
t TT C ince 2zr — vi and Ar = T.i zeae) AT 


E ¥ 
shown. ¢= 22 = 245" 25x 10°s=2900d = 7.9 y. It is highly doubtful the shuttle 


AT — (0.1228 s) 
crew would survive the congressional hearings if they miss! 


12.86: a) To get from the circular orbit of the earth to the transfer orbit, the 
spacecraft's energy must increase, and the rockets are fired in the direction opposite that 
of the motion, that is, in the direction that increases the speed. Once at the orbit of Mars, 
the energy needs to be increased again, and so the rockets need to be fired in the direction 
opposite that of the motion. From Fis. (12.37), the semimajor axis of the transfer orbit is 
the arithmetic average of the orbit radii of the earth and Mars, and so from Fq. (12.19), 
the energy of spacecraft while in the transfer orbit is intermediate between the energies of 
the circular orbits. Returnine from Mars to the earth, the procedure is reversed, and the 
rockets are fired against the direction of motion. b) The time will be half the period as 
given in Eq. (12.19), with the semimajor axis a being the average of the orbit radii, 

a —1.89x10!! m, so 


Lye 
fo = D UA s, 


which is more than 84 months. c) During this time, Mars will pass through an angle of 
(360°) oe =135.9°, and the spacecraft passes through an angle of 180°, so the 


angle between the earth-sun line and the Mars-sun line must be 44.1°. 


12.87: a) There are many ways of approaching this problem; two will be given here. 
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I) Denote the orbit radius as r and the distance from this radius to either ear as 6. 
Each ear, of mass m , can be modeled as subject to two forces, the gravitational force 
from the black hole and the tension force (actually the force from the body tissues), 
denoted by F. Then, the force equations for the two ears are 


GMm 


(ay -F-mo'(r- 6) 
bum £F 2 mo! (r+8), 
r+ 


where is the common angular frequency. The first equation reflects the fact that one 
ear is closer to the black hole, is subject to a larger gravitational force, has a smaller 
acceleration, and needs the force F to keep it in the circle of radius x —ó. The second 
equation reflects the fact that the outer ear is further from the black hole and is moving in 
a circle of larger radius and needs the force F to keep in in the circle of radius r+ 6. 
Dividing the first equation by x — 6 and the second by r+ 6 and equating the 
resulting expressions eliminates œ , and after a good deal of algebra, 
Wei to) 
(r? a 8? y 
At this point it is prudent to neglect ó in the sum and difference, but recognize that F is 
proportional to ó , and numerically F = 39*** = 2.1 kN. (Using the result of Exercise 
12.39 to express the gravitational force in terms of the Schwartzschild radius gives the 
same result to two figures.) 
II) Using the same notation, 
GMm 
(r-éy 
where ó can be of either sign. Replace the productmo" with the value 


foró — 0, ma^ =GMm/r* and solve for 
r+6 1 pM -2 
F =(GMm)| —— -——— |= + ó- r(l-^ (ô . 
( i >] ER + orl + roy] 
Using the binomial theorem to expand the term in square brackets in powers of ó/r, 


slag AW mer (ee | ae 


—~F=mo'(r+6), 


pz 


the same result as above. 

Method (T) avoids using the binomial theorem or Taylor series expansions; the 
approximations are made only when numerical values are inserted and higher powers of 
& are found to be numerically insignificant. 

Method (II) uses the fact even though the center of gravity is not at the center of mass, 
their separation is small compared to r, and so the period of the orbit of a point mass at 
that position can be used to characterize the motion. 
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If noninertial frames are allowed, the same result may be obtained by considering the 
frame of the astronaut; the difference in the position of the ears contributes a difference 
between the eravitational forces of magnitude m and the fact that the astronaut is in a 


frame that rotates with frequency w as found above means that in her frame the ears need 
an extra force of mo^ó , and the tension is the same. (This method was suggested by a 
first-year MIT undergraduate.) 

This tension is much larger than that which could be sustained by human tissue, and 
the astronaut is in trouble. b) See the discussion above; the center of gravity is not the 
center of mass. 


12.88:  Assuggested in the problem, divide the disk into rings of radius r and thickness 
dr. Each ring has an area d4 = 27 dr and mass dM — dA =r dr. The magnitude of 


xa 


the force that this small ring exerts on the mass m is then (G m dM Y(x/(r^ +x° Y"), the 
expression found in Problem 12.82, with 2M instead of M and the variable r instead of c. 
2GMmx rdr 


a’ (x? +r’ y? i 
The total force F is then the integral over the range of r; 


2GMmx po r 
F- [aF- 2 [ (x T i Fi 


a 
The integral (either by looking in a table or making the substitution u = r^ +a? ) is 


Thus, the contribution dF to the force is dF = 


a F 1 1 1 X 
M EF UTC | AN 
l (x? +r? y? i F gl l -e 


Substitution yields the result 


The second term in brackets can be written as 


= O ajay y aM) 
Jaa (+ (a/x)’) AiE 


ifx>> a, where the binomial approximation (or first-order Taylor series expansion) has 
been used. Substitution of this into the above form gives 


GMm 


» 3 
Xx 


Fs 


as it should. 


12.88: From symmetry, the component of the gravitational force parallel to the rod is 
zero. To find the perpendicular component, divide the rod into segments of length dx and 
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mass dm = dx 4 , positioned at a distance x from the center of the rod. The magnitude of 


the gravitational force from each segment is 


GmdM | GmM dx 
dme" = ap ETE 
x +a 2L x*+a 
The component of dF perpendicular to the rod is dF Ie , and so the net gravitational 


force is 


GmMa Í dx 
2L 4 (x +a?) 
The integral can be found in a table, or found by making the substitution x = a tané. 
Then, dx = a sec^8 d8, (x + a^ ) - a" sec’@, and so 
dx a sec^8 do 
Ioue = [———- = [eode = = -zsng = = Cen ae 


a^ sec 8 a dx? 4 a? 
and the definite integral is 


L 
F- [ar = 
- 


GmM 
ava +E 
When a >> L, the term in the square root approaches a° and F — 2, as expected. 
13.1: a) T=+=4.55x10"s, c =% = nf =1.38 x10 rad/s. 

b) =1.14x10” s, c = 2xf = 5.53 x10" rad/s. 


F= 


d Hz) 


13.2: a) Since the glider is released form rest, its initial displacement (0.120 m) is the 
amplitude. b) The slider will return to its original position after another 0.80 s, so the 
is 1.60 s. c) The frequency is the reciprocal of the period (Eq. (13.2), 

f qu = 0.625 Hz. 


13.3: The period is 22% = 1.14 10 s and the angular frequency is 
co =Z = 5.5310" rad/s. 


13.4: (a) From the graph of its motion, the object completes one full cycle in 2.0 s; its 
period is thus 2.0 s and its frequency =1/period = 0.5 s™. (b) The displacement varies 
from — 0.20 m to + 0.20 m, so the amplitude is 0.20 m. (c) 2.0 s (see part a) 


13.5: This displacement is + of a period. 
T =1/ f = 0.2005, so t = 0.0500 s. 


13.6: The period will be twice the time given as being between the times at which the 
glider is at the equilibrium position (see Fig. (13.8)); 


2 2 
k=a'm= (=) m= P | (0.200 kg) = 0.292 N/m. 
: 8 


www.FreeLibros.me 


13.7:a) T - -- 0.167s. b) e = nf = 37.7 rad/s. c)m - 5, = 0.084 kg. 


13.8: Solving Eq. (13.12) for k, 
2x 2x 
k= = (0.600 k: 
xz - ( (ce 


) =1.05x10 N/m. 


13.9: From Eq. (13.12) and Eq. (13.10), T = 2x tone —0.375s, f = += 2.66 Hz, 
co = 2zf =16.7 rad/s. 


13.10: a) a, =42=-w'* Asin(wt+ £)=—w'x,so x(t) is a solution to Eq. (13.4) if 
o =*+.b)a= - a constant, so Eq. (13.4) is not satisfied. c) v, == i ^"*?!, 
Ag ^9) = ^x so x(t) isa solution to Eq. (13.4) if w* = k/m- 


x 


13.11: a) x - (3.0mm)cos ((2x)(440Hzy) b)(3.0x10? my(2z)(440 Hz) - 8.29 m/s, 
(3.0 mm)(2z)' (440 Hz)? = 2.29x10* m/s?. c) j(¢)= (6.34 10" m/s*) sin((2z)(440 Hz)r), 
Jas 7634x107 m/s. 


13.12: a) From Eq. (13.19), 4= — 0.98 m. b) Equation (13.18) is 


=i" 
indeterminant, but from Eq. (13.14), ¢=+4, and from Eq. (13.17), sin ø > 0,50 9 — 4-5. 
C) cos (cot + (x/2)) — — sin cof, so x = (—0.98 m) sin((12.2 rad/'s)t)). 


13.13: With the same value for co, Eq. (13.19) gives 4 — 0.383 mand Eq. (13.18) gives 
and x = (0.383 m)cos (12.2 rad/s) + 1.02 rad) 


al- (4.00 m/s) 


(0.200 m),/300 N/m/2.00 kg 


and x = (0.383 m) cos ((12.2 rad/s)t + 1.02 rad). 
13.14: For SHM, a, =—w*x - -(2nf x - -(2n(2.5 Hz)f (1.1x107 m) = 22.71 m/s’. 
b) From Eq. (13.19) the amplitude is 1.46 cm, and from Eq. (13.18) the phase angle is 
0.715 rad. The angular frequency is 2xf — 15.7 rad/s, so 

x= (1.46cm)cos ((15.7 rad/s) + 0.715 rad) 

v, = (-22.9cm/s) sin ((15.7 rad/s)t + 0.715 rad) 


a, = (—359 cm/s") cos ((15.7 rad/s)? + 0.715 rad). 


g= 200 eae | 1.02 rad = 58.5°, 
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13.15: The equation describing the motion is x = Asin cf; this is best found from either 
inspection or from Eq. (13.14) (Eq. (13.18) involves an infinite areument of the 
arctansent). Even so, x is determined only up to the sign, but that does not affect the 
result of this exercise. The distance from the equilibrium position is 

A sin (2x(t/T))= (0.600 m)sin(4z/5) = 0.353 m. 


13.16: Empty chair: T = 2x /7- 
Ax ^m — An (42.5kg) 


ku cs =993N/m 
JT (1.308) 
With person in chair: 
T -2z4mjk 
2 
gee a (2.54 s 093 Nim) _162ke 
Ax Ax? 


Mam 7162 kg — 42.5 kg — 120 kg 


13.17: T -2z4|mjk,m — 0.400 kg 
Use a, = —2.70 m/s’ to calculate% : 


—kx- ma, gives "e. (0400kg)C2.70m/') _ 5 60 N/m 
X 


Tf =2xJm/k =2.09s 


13.18: We have v, (t) = (3.60 cm/s)sin((4.71s ') t — 2/2). Comparing this to the general 


form of the velocity for SHM: 
—wA = 3.60 cm/s 


(9 —4.71s 
$--uf2 
(a) T -2z/o —2x/4.71s ! 1.333 
3.60cm/s 3.60 cm/s 
A = = 
©) to 471s" 
(c) Gu = 0 A = (4.718 1) (0.764 cm) = 16.9 cm/s 


= 0.764 cm 


13.19: a) x(t) = (7.40 cm) cos((4.16 rad/s)t — 2.42 rad) 
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When ż = T, (4.16 rad/s)T =2x sof =1.51s 

b)T = 2z4 m/k so k = m(2x/T)’ = 26.0N/m 

c) A = 7.40cm = 0.0740 m 

Lmy! 4. Lx? — Lk4" givesv „ = A k/m = 0.308 m/s 

d) F --—kxso F „ = k4-1.92N 

e) x(t) evaluated at ? = 1.00 s gives x = —0.0125 m 

vo dA k/mo A’ — x^ =+[26.0/1.50 (0.07407 — (0.0125) m/s = 40.303 m/s 
Speed is 0.303 m/s. 

a=- kx/m = —(26.0/1.50)(—0.0125) m/s? = 0.216 m/s’ 


13.20: See Exercise 13.15; 
t = (arccos(— 1.5/6)X(0.3/(2z:)) = 0.0871 s. 


13.21: a) Dividing Eq. (13.17) by c, 


x, — 4 cos o, “= Asin 6. 


Squaring and adding, 
2 
Xp i a, 
ce 
which is the same as Eq. (13.19). b) At time 7 = 0, Eq. (13.21) becomes 
1 2 1 2 1 2 1 k ay 1 2 
—k4 -— pa =——-y, + — 3 
Cem Gs 2 Pl 


where m — kc^ (Eq. (13.10)) has been used. Dividing by k/2 gives Eq. (13.19). 


13.22: a) v... =(2af)A = (2x(392Hz)y(0.60x 10? m) — 1.48 m/s. 
1 1 
b)K,, = zr Va y- 507 x10 keX1.48 m/s)? = 2.96x10^^ J. 


13.23: a) Setting 4myv* — 1 Ax^ in Eq. (13.21) and solving for x gives x = +4. 


Eliminating x in favor of v with the same relation gives v, = +) kA?/2m = t4. b) This 
happens four times each cycle, corresponding the four possible combinations of + and — 
in the results of part (a). The time between the occurrences is one-fourth of a period or 
TJA-E-£ cU-LEK-iE (U=4,K=34) 


ác 


13.24: a) From Eq. (13.23), 
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aea A190 N/m 9 cage) = 1:20 pad 
m 0.500 kg 


b) From Eq. (13.22), 


y= ASON (0.040 mm)? — (-0.015 m)? =1.11 m/s. 
0.500 kg 


c) The extremes of acceleration occur at the extremes of motion, when x= +4, and 
"TN _ KA _ (450 N/m)(0.040 m) —Ó 
m (0.500 ke) 


(450 NAm)(-001 5m) 2 
d) From Fq. (13.4), 2, = — BRE 13.5 m/s*. 


e) From Eq. (13.31), E - 4 (450 N/m)(0.040 m)" = 0.36 J. 


13.25: a) a „ — ^4 = (255) A = (22(0.85 Hz)) (18.0x107 m) = 5.13 mvs’. v n = 
wA = 2xfA = 0.961 m/s. b) a, = —Qzf ) x = 2.57 mis’, 
v= Qaf WA? -x* 
= (2z(0.85 Hz) 08.0107? my? — (9.0x10? m)? = 0.833 m/s. 

c) The fraction of one period is (1/2z)arcsin (12.0/18.0), and so the time is 

(T/2x) x arcsin (12.0/18.0) 21.37 x 10 s. Note that this is also arcsin (x/ A)/c. 

d) The conservation of energy equation can be written 4 k4^ — tmy’ + L4x^. We are 
given amplitude, frequency in Hz, and various values of x. We could calculate velocity 


from this information if we use the relationship k/m = c^ = 4x? f^ and rewrite the 


1 2i 


conservation equation as 14 du" ix . Using energy principles is generally a good 


approach when we are dealing with velocities and positions as opposed to accelerations 
and time when using dynamics is often easier. 


13.26: In the example, 4, = 4,,/;/ and now we want 4, 214.80L- 
m= 3M . For the energy, E, = 1k47, but since 4, = 14, E; - 1E, ori E, is lost to 
heat. 


if 
Mtm’ or 


13.27: a) — imv! « ikx* = 0.0284 J. 


2 2 
b) "ue mena’, S Nw — 
wo (300 N/m)/(0.150 kg) 


c) G4 — Jk/mA =0.615m/s- 


www.FreeLibros.me 


13.28: At the time in question we have 
x= A cos (cot + 9) — 0.600 m 


v=—wA sin(wt+ $) — 2.20 m/s 
a= —a'Acos (ct 4 ø) - —8.40 m/s’ 


Using the displacement and acceleration equations: 
— c Acos (wt + d) =-w (0.600 m) = —8.40 m/s? 
c^ —14.0and c =3.742s To find A, multiply the velocity equation by co : 
— co A sin (cot + d) = (3.742 $^) (2.20 m/s) = 8.232 m/s? 
Next square both this new equation and the acceleration equation and add them: 
co* A” sin? (cot + &) + co* A? cos! (cat + à) = (8.232 m/s?) + (-8.40 m/s? y? 
=m A? sin"(cot 4 d) 4- cos? (cot 4 d) 
atA? = 67.77 m/st 4 70.56 m? /s* —138.3m? /s* 

_138.3m*/s* 138.3 m'/s 

wt (8.742 5 Y 
A = 0.840 m 


A = 0.7054 m* 


The object will therefore travel 0.840 m — 0.600 m = 0.240 m to the right before stopping 
at its maximum amplitude. 
13.29: v... = Ay k/ m 
Use 7 to find k/m: 
T - 2x4 m/k so k/m=(2n/T) 2158s? 
Use aaa to find 4: 
Qu, = kÁ/m 80 A= a a | (k/m) = 0.0405 m. 
Then v,a = AA k/m = 0.509 m/s 


13.30: Using k= = from the calibration data, 
(FL) _ (200 N)/(1.25x10™ m) 


^ (Qaf Qx(2.60Hzy? OE 
13.31: a) pame CLOL TUE LP ea N/m. 
Al (0.120 m) 
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Biene D ome [88 Loa, DAAM reps. 
k g 9.80 m/s 


13.32: a) At the top of the motion, the spring is unstretched and so has no potential 
energy, the cat is not moving and so has no kinetic energy, and the gravitational potential 


energy relative to the bottom is 2mg4 = 2(4.00 kg)(9.80 m/s?) x (0.050 m) = 3.92 J. 
This is the total energy, and is the same total for each part. 
b) Upa 20 K =0,50U wing 23.92 J. 


gav 


c) At equilibrium the spring is stretched half as much as it was for part (a), and so 
U pie = +(3.92 J) =0.98 J, U as =+(3.92 J) =1.96 J, and so K = 0.98 J. 


13.33: The elongation is the weight divided by the spring constant, 


2 
apu. "E SET gri, 
k om Ax 


13.34: See Exercise 9.40. a) The mass would decrease by a factor of (1/3) — 1/27 and so 


the moment of inertia would decrease by a factor of (1/27)(1 BY = a/ 243), and for the 
same spring constant, the frequency and angular frequency would increase by a factor of 


4243 —15.6. b) The torsion constant would need to be decreased by a factor of 243, or 
changed by a factor of 0.00412 (approximately). 


13.35: a) With the approximations given, J = mR’ —2.72x10* ke-m’, 
or 2.7 x 10^ kg m* to two figures. 
b) x = (2x) I = (2x2 Hz) (2.72x10* kg m^) 2 4.3x10? N- m/rad . 


13.36: Solving Eq. (13.24) for « in terms of the period, 
2 
K= (=) PA 
T 
m 2 
- (=) (/2)(2.00 x 10? kg(2.20x 10? my) 


1.00s 
=1.91x10 N- mrad. 


13.37: 
K — 0.450N -mrad 


fay ayee] em 


13.38: The equation 8 = Ocos (wt+ v) describes angular SHM. In this problem, p = 0. 


a) $--oOsin(cf)and £2 = —a’ Ocos(w t). 
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b) When the angular displacement is 69,0 = O cos(c £), and this occurs at t= 0, so 
dà — SE V ees 
c 0 since sin(0) — 0, m7 2 — —a' 6) since cos(0) — 1. 


When the angular displacement is 8/2, = @cos(w t), or += cos(co t). 


d8 —- 9043 
dt 2 
This corresponds to a displacement of 60°. 


since sin(c t) = ——,and —— = 


„since cos(c £) = 1/2. 


13.39: Using the same procedure used to obtain Eq. (13.29), the potential may be 
expressed as 


U - Uo x/ f)" - 20 +.4/ Ry"). 
Note that at r= R,, U — —U,. Using the appropriate forms of the binomial theorem for 


Ia/R, | <1, 
(1-268) PE) y 


- di-e/R)s CCI y 


= uj- 1+ Ed 


U =U, 


where k — 72U, / R^ has been used. Note that terms in u? from Eq. (13.28) must be 
kept ; the fact that the first-order terms vanish is another indication that R, is an extreme 
(in this case a minimum) of U. 


EMME CNN ME NE SURE) A 
2x \(m/2) 2x (1.008\1.66x10-” kg) 


13.41: T = 2z 4 L/g, so for a different acceleration due to gravity g', 
T'- T g/g = (1.60s)/9.80 m/s? /3.71 m/s? = 2.605. 
13.42: a) To the given precision, the small-angle approximation is valid. The highest 
speed is at the bottom of the arc, which occurs after a quarter period, 7 = 7 7 =0.25s. 
b) The same as calculated in (a), 0.25 s. The period is independent of amplitude. 


13.43: Besides approximating the pendulum motion as SHM, assume that the angle 
is sufficiently small that the length of the spring does not change while swinging in the 


arc. Denote the angular frequency of the vertical motion as « = JE = J2 and @} = qm 
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== JE, which is solved for Z = 4w/k . But Z is the length of the stretched 
spring; the unstretched length is Z, = L— w/k =3w/k = 3(1.00 N)/(1.50 N/m)- 2.00 m. 


13.44: 
[EN [s s, 
(s 1 T LS 
Ie -- L T E em a L 
1 K ! b a 
i CONS ! — i s4 
[ CR i ~ i ~ 
t as [ n i WE 
i * 1 yf i 
1 P ! x i az 
i i i 
[i # | $3 " [ 
I i x i 
[ Yu ' ead i 
i | Toe 
a= gub | e i= gL(D costi 


13.46: From the parallel axis theorem, the moment of inertia of the hoop about the nail is 
I = MR! + MR? =2MR’ sof —2r 2 R/g ,with d = Rin Eq.(13.39) Solving for R, 


R- eT" /8x 2 0496 m. 


13.47: For the situation described, J = mZ? and d = L in Eq. (13.39); canceling the factor 
of m and one factor of Z in the square root gives Eq. (13.34). 


13.48: a) Solving Eq. (13.39) for 7, 


2 2 
I- (=) mgd = “ee (1.80 kg) (9.80 m/s? (0.250 m) = 0.0987 kg - m°. 
T 


b) The small-angle approximation will not give three-figure accuracy for 
© = 0.400 rad. From energy considerations, 


mgd(1—cos @)= Pm. 


Expressing £2... in terms of the period of small-angle oscillations, this becomes 


Qu 2) (1- cos @)= "m Je — cos(0.40 rad )) = 2.66 rad/s. 
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13.49: Using the given expression for 7 in Eq. (13.39), with =R (and of course m 2M), 
T =2nJ5R/3g — 0.58 s. 


13.50: From Eq. (13.39), 


2 2 
P med 7. = (1.80 kg)(9.80 m/s (0.200 m)( 205/00) = 0.129 ke.m?. 
JU 


13.51: a) From Eq. (13.43), 
,_ |(2.50N/m) (0.90 ke/s) to 


fe ee fiai ‘= _ 9 39382. 
e =a) gr o 5 ae 


b) b= 24km = 240.50 N/m)(0.300 kg) = 1.73kg/s. 
13.52: From Eq. (13.42) 4, = 4 exp c E) Solving for b, 


j— 29] | Oks), | BOO = 0.0220 kg/s. 
Ax eS (5.005)  |0.100m 


As acheck, note that the oscillation frequency is the same as the undamped frequency to 
4.8x10°%, so Eq. (13.42) is valid. 


13.53: a) With ¢=0,x(0) = A. 


b) v= dx _ Berar) MS aan wt- w sin wt |, 
dt 2m 
and at £ = 0,v— — 4b/2m; the graph of x versus ¢ near t = 0 slopes down. 
2 , 
c) a,= dv, = Age my At as w? |cos ot 4 ur sin co't |, 
dt 4m 2m 
and at t= 0, 


y X2 2 
rd =A T pen 
Am 2m m 
(Note that this is (— bv, — kx,)/m.) This will be negative if 


b < 42km, zero if b — 42km. and positiveif b > 42km. The graph in the three cases will 
be curved down, not curved, or curved up, respectively. 


13.54: At resonance, Eq. (13.46) reduces to A = E, /bo. a) 2.  b)2A. Note that 
the resonance frequency is independent of the value of 5 (see Fig. (13.27)). 


13.55: a) The damping constant has the same units as force divided by speed, or 
lkg m/s? \{m/s]= [kg/s|- b)The units of vkm are the same as [[kg/s^ [kg]. = [kg/s] 
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the same as those for b. c) o; =k/m.(i)bw, = 0.2 k, so A= E, /(0.2k)- 5F x fk. 
(ii) bo, = 0.4k,so A= E... /(0.4k)=2.5F.,, /k, as shown in Fig.(13.27). 


13.56: The resonant frequency is 


kim = (2.1105 N/m)/108 kg) =139 rad/s = 22.2 Hz, 


and this package does not meet the criterion. 


13.57: a) 
2 
i=? = pee) (3500 rev/min) ps mU = 6.72 x10? m/s’. 
2 30 rev/min 
3 i x rad/s 
b)ma 23.02x10" N. c) wd = (3500rev/min)(.05 m) — — 218.3 m/s. 
30 rev/min 


K= Lm? = (DCA5 kg)(18.3 m/s)‘ = 75.6 J. d) At the midpoint of the stroke. cos(c £)-0 
and so t= x/'2, thus ¢ = z/2a. co = (3500 rev/min (= =") = 399* rad/s, so 


30 rev/min 
t= zys- Then P = AK/At, or P = 75.6 J/ (435,3) = 1.7610" W. 
e) If the frequency doubles, the acceleration and hence the needed force will quadruple 
(12.1x 10* N). The maximum speed increases by a factor of 2 since va c, so the speed 


will be 36.7 m/s. Because the kinetic energy depends on the square of the velocity, the 
kinetic energy will increase by a factor of four (302 T). But, because the time to reach the 
midpoint is halved, due to the doubled velocity, the power increases by a factor of eight 
(141 kW). 


13.58: Denote the mass of the passengers by m and the (unknown) mass of the car by M. 
The spring cosntant is then k = mg/A/. The period of oscillation of the empty car is 


T, = 2x4 M/k and the period of the loaded car is 


f= a = j ipa S. ua 
E 


E 


T,= T? -Ory A! =1.003s. 
8 


13.59: a) For SHM, the period, frequency and angular frequency are independent of 
amplitude, and are not changed. b) From Eq. (13.31), the energy is decreased by a factor 
of +. c) From Eq. (13.23), the maximum speed is decreased by a factor of + d) Initially, 


the speed at 4, /4 was sis A; after the amplitude is reduced, the speed is 
oq (A 2Y -(4,/4f = Bind, , 80 the speed is decreased hy a factor of -+ (this result. is 


valid at x =—A, /4 as well). e) The potential energy depends on position and is 
unchanged. From the result of part (d), the kinetic energy is decreased by a factor of +. 
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13.60: This distance Lis L — mg/k; the period of the oscillatory motion is 


r-a cas fE, 
k g 


which is the period of oscillation of a simple pendulum of lentgh 7. 


13.61: a) Rewriting Eq. (13.22) in terms of the period and solving, 


"C WC 
p.254 -X gs. 


E 
b) Using the result of part (a), 


2 
TEN E — 0.0904 m. 
A 


C) If the block is just on the verge of slipping, the friction force is its maximum, 
f= un - ung. Setting this equal to ma = mA(2n/TY gives p, = A(2z/T ) / 2 — 0.143. 


13.62: a) The normal force on the cowboy must always be upward if he is not holding on. 
He leaves the saddle when the normal force goes to zero (that is, when he is no longer in 
contact with the saddle, and the contact force vanishes). At this point the cowboy is in 
free fall, and so his acceleration is — g ; this must have been the acceleration just before 
he left contact with the saddle, and so this is also the saddle's acceleration. 

b) x =+a/(2x f)! =+(9.80m/s*)/ 2x (1.50 Hz))’ = 0.110 m. c) The cowboy's speed will 


be the saddle’s speed, v — xf )V 4^ -x° =2.11 m/s. d) Taking £ — 0 at the time when 
the cowboy leaves, the position of the saddle as a function of time is given by Eq. 


(13.13), withcos $- — S .. this is checked by setting £ — 0 and finding that 
co 


a 


x- p aaa The cowboy’s position is x, = x) +¥,t—- (gfe. Finding the time at which 


the cowboy and the saddle are again in contact involves a transcendental equation which 
must be solved numerically; specifically, 


(0.110 m) + (2.11 m/sy — (4.90 m/s? y? = (0.25 m) cos ((9.42 rad/sy — 1.1 1 rad), 


which has as its least non-zero solution £= 0.538 s. e) The speed of the saddle is 

(—2.36 m/s) sin (cof + ø) = 1.72 m/s, and the cowboy's speed is (2.11 m/s) — (9.80 m/s") 
x (0.5385) =—3.16 m/s, giving a relative speed of 4.87 m/s (extra figures were kept in 
the intermediate calculations). 


13.63: The maximun acceleration of both blocks, assuming that the Lop block does mot 
slip, is a,,,, — k4/ (m+M), and so the maximum force on the top block is 


(_"_)k4 = umg, and so the maximumamplitude is 4... = 1 (m - M)g/K. 


mM 
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13.64: (a) Momentum conservation during the collision: mv, = (2m)V 
yz rim 5.00 m/s) — 1.00 m/s 
Energy conservation after the collision: 


lyyi-lgo 
2 2 


2 2 
x= = - _|(20.0kg)0.00 m/s)" _ 9 s00 m (amplitude) 
k 80.0 N/m 


co = Inf = Jk M 


f 0318Hz 


(b) It takes 1/2 period to first return: 4(3.14 s) 2 1.575 


13.660: a)m-mj?2 
Splits at x = 0 where energy is all kinetic energy, E = imy , 50 E > Ej2 
k stays same 


E-ik4!so A =42Efk 
Then E > E/2 means 4 > A/4/2 


T - 2x m/k so m > m/2 means T > T/ V2 

b) m  mj2 

Splits at x — 4 where all the energy is potential energy in the spring, so E doesn't 
change. 

E — LkA* so A stays the same. 


T - 2x4 m/k so T — T] 2, as in part (a). 
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c) In example 13.5, the mass increased. This means that 7' increases rather than 
decreases. When the mass is added at x = 0, the energy and amplitude change. When the 


mass is added at x = +4, the energy and amplitude remain the same. This is the same as 
in this problem. 


13.66: a) 


For space considerations, this fieure is not precisely to the scale suggested in the 
problem. The following answers are found algebraically, to be used as a check on the 
graphical method. 


b) - (= 2(0.200 J) — 0200m. 
(10.0 N/m) 
c) £—0.050J.d) IF U — £ E, iic e) From Eq. (13.18), using 


2K, 2U 
= — and x, = yE 


s 2U, 
X faje. U, 
m k 


and ó = arctan (40.429 )= 0.580 rad. 


13.67: a) The quantity A? is the amount that the origin of coordinates has been moved 
from the unstretched length of the spring, so the spring is stretched a distance A? — x (see 
Fig. (13.16 ( c ))) and the elastic potential energy is U, = (1/2)k(AL — x) . 


b) U = U,  mgls-as)o ha (y — kai MEX — MEX. 


Since A? = mg/k, the two terms proportional to x cancel, and 
1 2 1 2 
U =k? 4 —k(ALY —mgx,. 
2 2 
C) An additive constant to the mechanical energy does not change the dependence 


of the force on x, F, — —£, and so the relations expressing Newton's laws and the 
resulting equations of motion are unchanged. 
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13.68: The “spring constant" for this wire is k = 75, so 


Ai? 
2 
(-lE-lqE.l See td fe, 
2e¥m 2wYAl 2xz2.00«10 ^ m 


13.69: 2)2:5— 0.150 m/s. b) a= -(2zx/T) x - —0.112 m/s’. The time to go from 
equilibrium to half the amplitude is sin cat = (1/2), or cot = x/6 rad, or one-twelfth of a 
period. The needed time is twice this, or one-sixth of a period, 0.70 s. 


13.70: Expressing Eq. (13.13) in terms of the frequency, and with ø= 0, and taking 
two derivatives, 


x=(0240m)oos{ = | 


1.505 


— id zd = - (1.00530 asi A 


2 
is (x (0.240 reo zs |- -(4.2110 ned a } 
1.50s 1.50s 


1.50s 


a) Substitution gives x — —0.120 m, or using £— gives x= 4cos120? =-4, 

b) Substitution gives 
ma, = «(0.0200 kg 2.106 m/s )= 4.2110 N, in the + x - direction. 

C) t= -arccos pun 0.577 s. 

d) Using the time found in part (c) , v — 0.665 m/s (Eq.(13.22) of course gives the 
same result). 


13.71:  a)For the totally inelastic collision, the final speed v in terms of the initial 
speed V = 42gkh is 

=V aT /2(9.80 m/s (0.40 m)(22)= 2.57 m/s, or 2.6 m/s to two figures. b) When 
the steak hits, the pan is A above the new equilibrium position. The ratio 

3 is v! f(e/(m + M))— 2ghM? [/k(m-- M ), and so the amplitude of oscillation is 
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2 2 
Ae C) SEM 


k (m M) 
_ (( Q.2 kg X9.80 mvs’ ) e & 2(9.80 m/s’ (0.40 mX(2.2 ke) 
(400N/m) (400N/m)Q.A kg) 
= 0.206 m. 


(This avoids the intermediate calculation of the speed.) c) Using the total mass, 
T -2nJ(m 4 M)/k — 0.4875. 


13.72: f = 0.600 Hz, m = 400 ke; f = ijt gives k — 5685 N/m. 

This is the effective force constant of the two springs. 

a) After the gravel sack falls off, the remaining mass attached to the springs is 225 
kg. The force constant of the springs is unaffected, so f = 0.800 Hz. 


To find the new amplitude use energy considerations to find the distance 
downward that the beam travels after the gravel falls off. 


Before the sack falls off, the amount x, that the spring is stretched at equilibrium is 
given by mg — kx,,so x, = mg/k = (400 kg)(9.80 m/s? J/(5685 N/m) — 0.6895 m. The 


maximum upward displacement of the beam is 4 — 0.400 m. above this point, so at this 
point the spring is stretched 0.2895 m. 


With the new mass, the mass 225 kg of the beam alone, at equilibrium the spring is 
stretched mg/k = (225 kg) (9.80 m/s*)/(5685 N/m) = 0.6895 m. The new amplitude is 
therefore 0.3879 m — 0.2895 m = 0.098 m. The beam moves 0.098 m above and below the 
new equilibrium position. Energy calculations show that v = 0 when the beam is 0.098 m 
above and below the equilibrium point. 

b) The remaining mass and the spring constant is the same in part (a), so the new 
frequency is again 0.800 Hz. 

The sack falls off when the spring is stretched 0.6895 m. And the speed of the beam 
at this point is v = 44 k/m = (0.400 m)= (5685 N/m)/(400 kg) —1.508 m/s.. Take y — 0 
at this point. The total energy of the beam at this point, just after the sack falls off, is 
E=K+U,+U,= 1(225 kg) .508 m/s? - (5695 N/m X0.6895 my + 0=1608 J. Let this 
be point 1. Let point 2 be where the beam has moved upward a distance d and where 
v20. E, -1k(0.6985m— dy +mgd.E, = E, gives d — 0.7275 m. At this end point of 
motion the spring is compressed 0.7275 m — 0.6895 m=0.0380 m. At the new 
equilibrium position the spring is stretched 0.3879 m, so the new amplitude is 0.3789 m+ 


0.0380 m = 0.426 m. Energy calculations show that. vis also zero when the heam is 0.426 
m below the equilibrium position. 
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13.73: The pendulum swings through 2 cycle in 1.42 s, so T = 2.84 s. L —1.85 m. 
Use 7 to find g: 
T =2xJL/g sog = L(2x/T - 9.055nws* 
Use g to find the mass M, of Newtonia: 
g- GM, IR 
2xR, = 5.14x10' m,so R, —8.18x105 m 


2 
m -S 9.0810" kg 


P 


13.74: a) Solving Eq. (13.12) for m, and using k = 


2 2 
m= (Z) T. (+) ON = 4.05 ke, 
2a) Al \2z; 0250m 


b) ¢= (0.35)7, and so x = —4sin2z(0.35) =—0.0405 m. Since: > 4, the mass has 


already passed the lowest point of its motion, and is on the way up. 
c) Taking upward forces to be positive, F ing — mg = —kx, where x is the 


displacement from equilibrium , so 
Fring = —(160 N/‘m)(—0.030 m)+ (4.05 kg)(9.80 m/s?) = 44.5 N. 


13.75: Ofthe many ways to find the time interval, a convenient method is to take 
$ — 0 in Eq. (13.13) and find that for x = 4/2,cos cot = cos(2zt/ T) - - and sot — T/6. 
The time interval available is from —£to£, and 7/3 —1.17 s. 


13.76: See Problem 12.84; using x as the variable instead of r, 
dU GM,m 4 GM, i£ 


x,800 = 3 
Re R 
The period is then 


6 
T25 o Æ -r |638x10" m _ rg, 
co g 9.80 m/s 


13.77: Take only the positive root (to get the least time), so that 


or $4.5 min. 
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di m 
EK os dl 
A Ly m 
tite Eten Ew 
V ad m” 
arcsin(l) = E. 


where the A was taken from Appendix C. The above may be rearranged to show 
Z, which is expected. 


“oe 


m 


13.78: a) U --| Fà-e| à a - E 
0 0 


c) From conservation of energy, z Lmy? = = <£(A* — x^) , and using the technique of Problem 


13.77, the separated equation is 


= 


Integrating from 0 to A with respect to x and from 0 to 7/4 with respect to t, 


dt 


[Sk e f 
At af 2m 4 
To use the hint, let x = 4, so that dx = a du and the upper limit of the x — integral is 


u —1. Factoring 4° out of the square root, 


e "ub x 7 


zál J=. c) The period does depend on amplitude, and the 


which may be expressed as T = 
motion is not simple harmonic. 
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13.79: As shown in Fig. (13.5(b)) v = -y,,, sind. With v,, = 4c and @ = ct + ø, this is 
Eq. (13.15) 


13.80: a) Taking positive displacements and forces to be upwad, 
n—mg-ma,a- -(2zf Ý x, S0 


-— mlz — (2xf Y A cos((2z )t+ e$) 


d) The fact that the ball bounces means that the ball is no longer in contact with the lens, 
and that the normal force goes to zero periodically. This occurs when the amplitude 
of the acceleration is equal to ¢, or when 


g-— (2f. f 4. 


13.81: a) For the center of mass to be at rest, the total momentum must be zero, so the 
momentum vectors must be of equal magnitude but opposite directions, and the momenta 
can be represented as p and — p. 


2 2 
b) Rs us E 
2m  2(mj2) 


c) The argument of part (a) is valid for any masses. The kinetic energy is 


p p £p p! 


K LII ——— = LEE 228. — "ÉSxa 
ü 2m, is 2m; 24 mm, 20m, m; f(m Tm». )) 


7 
13.82: a) TE (8) 
dr r r 
b) Setting the above expression for F, equal to zero, the term in square brackets 


p RI 1 7 7 
vanishes, so that pc qos =r andr = R. 


c) U(R, )= E ~7.57x10" J. 


d) The above expression for F, can be expressed as 
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due fev 
"K (z) x. | 
=li IR - 0s («GR ] 
sar 96/8) -(- 2/8.) 
$1 7x/Ry) 
TA 
Aa) 
e) fiim [2 esame i 
13.83: a) kai | 


b) Setting the term in square brackets equal to zero, and ignoring solutions with 
r<Qorr »2R,r-2R,—r,orr - R. 
c) The above expression for F, may be written as 


All r r j 
r-a Ta | 
felt GIRO -G-G7R)*] 
es gli — 2(x/ Ry ))—(1-(—2)(x/Ry))] 


= — E X, 
corresponding to a force constant of k = 4A/ A. d) The frequency of small oscillations 


would be f = (l/2z) f k/m = (Mz) A| mR. 
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13.84: a) As the mass approaches the origin, the motion is that of a mass attached to a 
spring of spring constant k, and the time to reach the origin is z mik. After passing 
through the origin, the motion is that of a mass attached to a spring of spring constant 2& 
and the time it takes to reach the other extreme of the motions is£ ,/;/2Xk. The period is 


twice the sum of these times, or 7 = zd ( 4 aj The period does not depend on the 
amplitude, but the motion is not simple harmonic. B) From conservation of energy, if the 
negative extreme is 4", L k4* — L(2k) A", so £= — the motion is not symmetric about 
the origin. 


13.85: There are many equivalent ways to find the period of this oscillation. Energy 
considerations give an elegant result. Using the force and torque equations, taking torques 
about the contact point, saves a few intermediate steps. Following the hint, take torques 
about the cylinder axis, with positive torques counterclockwise; the direction of positive 
rotation is then such that a= Ra , and the friction force f that causes this torque acts in 
the —-direction. The equations to solve are then 


Ma,=-f-k, jfR=I,,a@ a=Ra, 
Which are solved for 


kx k 


A M+ TR? — (3/2)M 


Umi MS 


where J = Zn = (1/ sna has been used for the combination of cylinders. Comparison 
with Eq. (13.8) gives T = = 2x J3M 2k. 


13.86: Energy conservation during downward swing: 


ee 2 
mgh, = mv 


-J2gh = 42(9.8 m/s^)(0.100 m) =1.40 m/s 
Momentum conservation during collision: 


mv = (m, +m, W 


p. MY QU ERKLAOÓm/S) sgim 


Energy conservation during upward swing: 
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Mgh, = imr’ 


2 
he = V2 [2g = cess = 0.0160 m =1.60cm 
2(9.80 m/s?) 


50.0cm— 1.60 cm 2 48A cin 


DUM - 1.60 ntt SH 
AGO f Aye 60cm 30.0cm 
8 -—14.5? 
2 
pad fe-t [950 m/s = 0.705 Hz 
2e¥i 2) 0.500m 
13.87: 


T = 2x,JIimed, m= 3M 
Tm _ MY, my, 
cg 
m, m, 


de 2M ([1.55 m] /2)- M (1.55 m^ [1.55 m] /2) 
7 3M 


=1.292 m 


II 
I, - 19M XI.55m) - (1.602 m° Wf 


Las 1 M(.S5mf 


The parallel-axis theorem (Eq. 9.19) gives 
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I, =L, „+ M(LSSm[L.55m]/2Y = (5.06 m? )M 
I-1 41, =(7.208 m° )M 


2 
Then T - 2x /T/mgd = 2n ESL M -2.745. 
(3M Y9.80 m/s* [1.292 m) 


This is smaller than 7 = 2.95 found in Example 13.10. 


13.88: The torque on the rod about the pivot (with angles positive in the direction 
indicated in the figure) is t = -(kz8)4. Setting this equal to the rate of change of angular 
momentum, Za = i ‘ 
2 2 
dé Elgg, 
di i M 


where the moment of inertia for a slender rod about its center, Z = $ MZ has been used. 


It follows that co? 2 3€, and T = = 27/46 


13.89: The period of the simple pendulum (the clapper) must be the same as that of the 
bell; equating the expression in Eq. (13.34) to that in Eq. (13.39) and solving for Z gives 
L=I/md = (18.0 kg - m?^)/((34.0 kgX(0.60 m)) = 0.882 m. Note that the mass of the bell, 
not the clapper, is used. As with any simple pendulum, the period of small oscillations of 
the clapper is independent of its mass. 


13.90: The moment of inertia about the pivot is 20/3MP = (2/3) ME’, and the center of 


gravity when balanced is a distance d — LÍ Q42)below the pivot (see Problem 8.95). 
From Eq. (13.39), the frequency is 


f-z 2- X 
En WOL x 


13.91: 3) — g(T/ 2x)’ =3.97m. b)There are many possibilities. One is to have a 
uniform thin rod pivoted about an axis perpendicular to the rod a distance d from its 
center. Using the desired period in Eq. (13.39) gives a quadratic in d, and using the 
maximum size for the length of the rod gives a pivot point a distance of 5.25 mm, which 
is on the edge of practicality. Using a “dumbbell,” two spheres separated by a light rod of 
length Z gives a slight improvement to d=1.6 cm (neglecting the radii of the spheres in 
comparison to the length of the rod; see Problem 13.94). 
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13.92: Using the notation + — y, 2 = c and taking derivatives of Eq. (13.42) (setting the 
phase angle ø= 0 does not affect the result), 


x= Ae " cosc't 
ue -H PET] s s 
v, =—Ae" (w’ sin w” t+ y cos c't) 


a, & — 4e" ((c* — y") cos c't 22o'ysin c't). 
Using these expression in the left side of Eq. (13.41), 


— kx — bv, = Ae " (— k cos œt (29m yo' sin c't + 2my? cos c't) 


= mde" (2? — w°) cos wt + 2yo' sin c't). 
The factor (25^ — c^ )is y^ — c^ (this is Eq. (13.43)), and so 
—kx — bv, = mA e " ((y^ — c") cos w t + 2yc' sin c't) = ma,. 
13.93: a)In Eq. (13.38), Z—x and from the parallel axis theorem, 


I-m(? A24 x^), s0 0° = ao b) Differentiating the ratio alg + — with 


Ce 
respect to x and setting the result equal to zero gives 


1 2x? 


—— E E NEN n 
Grex (EAD y x =x +E] 


Which is solved for x = Z/ v12. 


w? 
c) When x is the value that maximizes @ the ratio — = =— m= 
g NER a L412 


B 
= S — 0.430 m. 
co 


13.94: a) From the parellel axis theorem, the moment of inertia about the pivot point 
is MIE +(2/5)R?) 


Using this in Eq. (13.39), With d = L gives. 
P-y [E SB. + (2/5)R" _ 2n is IRSE =P e 28/50. 
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b) Letting 4/14 2R?/5Z? — 1.001 and solving for the ratio L/R (or approximating the 
square root as 1+ R^ /5Z/ ) gives £-14.1. 
c)(14.1)(1.270 cm) - 18.0 cm. 


13.95: a) The net force on the block at equilibrium is zero, and so one spring (the one 
with k, = 2.00 N/m) must be stretched three times as much as the one with 
k, —6.00 N/m. The sum of the elongations is 0.200 m, and so one spring stretches 0.150 
m and the other stretches 0.050 m, and so the equilibrium lengths are 0.350 m and 0.250 
m. b) There are many ways to approach this problem, all of which of course lead to the 
result of Problem 13.96(b). The most direct way is to let Ax, — 0.150 m and 
x, = 0.050 m, the results of part (a). When the block in Fig.(13.35) is displaced a 
distance x to the right, the net force on the block is 

— ky (Ax, + x)+ ky (Ax, — x)= [e Av — kt ]- (ki + ka be 


From the result of part (a), the terra in square brackets is zero, and so the net force is 
=(k xk, x, the effective spring constant is kẹ =k, +, and the period of vibration is 


T 22x, 219 ke — 0702 s, 


800N/m 


13.96: In each situation, imagine the mass moves a distance Ax, the springs move 
distances Ax, and Ax,, with forces F — —k,Ax,, E, — —k,Ax,. 

a) Ax = Ax, = Ax, F = F + F, — —(k +k, Ax, S0 Eg =k, + kp. 

b) Despite the orientation of the springs, and the fact that one will be compressed when 
the other is extended, Ax = Ax, + Ax,, and the above result is still valid; £ 4 — &, + k. 
c) For massless springs, the force on the block must be equal to the tension in any point 


of the spring combination, and F = F| = E,, and so Ax, =- Ar, --=, and 
L 2 
aL) hth g 
1 k, kk, 


and x. =<. d) The result of part (c) shows that when a spring is cut in half, the 


tk, 


effective spring constant doubles, and so the frequency increases by a factor of 42. 


13.97: a) Using the hint, 


T AT 2x4 L (e^ -is*'4g) =7-7%, 
g 
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so AT =-(1/2\T/g \\g. This result can also be obtained from T^g = Ax^L, from which 


(2TAT)e 4- T^^g — 0. Therefore, Sis cESE, b) The clock runs slow; AT » 0, Ag «0 


2AT T 2(4.00 s) r 
d AE eE 1- |=9.7991 m/s". 
and g+Ag «i T (o 80 m/s ) (86,400 2) m/s 


13.98: Denote the position of a piece of the spring by 7; ? = Ois the fixed point and 
l= Lis the moving end of the spring. Then the velocity of the point corresponding to 7, 


denoted x, is u(l)- vL (when the spring is moving, / will be a function of time, and so 


u is an implicit function of time). a) dm = =d}, and so 


2 
at-il MU par 
2.4 
and 
2d Mv f 2 My 
K =| dk =—, I? d= 


b) mv kx & = 0, or ma+ kx = 0, which is Eq. (13.4) c) m is replaced by A. 80 


ey es 1M 
co = 4/38 and M' - &. 


13.99: a) With = (1/3)MZ? andd = L/2 in Eq. (13.39), 7, = 2x /2Z/3g. With the 
addedmass, Z = M((z?/3)+ y") m- 2M and d - (L/4)4 y/2, T - 2x 


x (2/34 ¥ Welz/2+y)) and 


E" 3y* 
I2 


T 
y= — = 
T, 
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b) From the expression found in part a), 7 — 7; when y — 2. At this point, a simple 
pendulum with length y would have the same period as the meter stick without the 


added mass; the two bodies oscillate with the same period and do not affect the other's 
motion. 


13.100: Let the two distances from the center of mass be d, and d, . There are then two 
relations of the form of Eq. (13.39); with 7, = Z,, -- md; and I; = I „+ md;, these 
relations may be rewritten as 


mgd T’ = An "(E + md?) 
mgd T’ — Az? lE 4 md; ) 


Subtracting the expressions gives 


mgla, — d, r^ = Ax^mía? — d? )- Ax^m(a, — d, )(d, + d;) 
and dividing by the common factor of mfd, — d,) and letting d, +d, — L gives the 
desired result. 


13.101: a) The spring, when stretched, provides an inward force; using œw” ? for the 
magnitude of the inward radial acceleration, 


ee GA. 
k—m 


PS ^ 


b) The spring will tend to become unboundedly long. 


13.102: Let r= R, +x, so that r—R, =x and 
F=Ale™ - e. 
When x is small compared to 5 ', expanding the exponential function gives 
F = A|(1—2bx)- (1— bx)]- —Abx, 


corresponding to a force constant of 45 — 579.2 N/m or 579 N/m to three figures. This is 
close to the value given in Exercise 13.40. 
14.1: | w-mg-pVg 
= (7.8 x 10° kg/m (0.858 m)r(1.43 x10 m) (9.80 m/s^)- 41.8N 
or 42 N to two places. A cart is not necessary. 


22 

m__m___(7.35x10" ke) kg = 3.33x10° kg/m’. 

V $m?  ix(7Ax105mf 
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14.2: p- 


14.3: p = B= ee = 7.02 x10" ke/m'. You were cheated. 


14.4: The length Z of a side of the cube is 


à : 40.0k ; 
pF |) | ————E | em: 
p 21.4x10° kg/m 


14.5: m=pV= tnp 


Same mass means r? p, = x pí(a = aluminum, l = lead) 
x fal Jun x. 
n \p, 2.7x10° 


14.6: a Jy esha _,_ ON 
i Vn ix(696x10 m) 1412x107 m' 


- 1.409x 10* kg/m? 


0 3» 
b) p- 19x10 kg _ L99x10 Eg 6 soi 10 kg/m’ 
íx(200x10 m) 3.351x10^m 


= 5.94 x 105 ke fm? 


14.7: p-p,-pgh 


P-P 1.00x 10^ Pa 
pg . (030kg/m?) (980 m/s?) 


h- =9.91m 


14.8: The pressure difference between the top and bottom of the tube must be at least 
5980 Pa in order to force fluid into the vein: 
pgh = 5980 Pa 


5980Pa 5980 N/m* 


14.9: a) pgh = (600 kg/m? (9.80 m/s*)(0.12m)=706Pa. 
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b) 706Pa + (1000 kg/m (9.80 m/s? )(0.250m) — 3.16 x 10" Pa. 


14.10: a) The pressure used to find the area is the gauge pressure, and so the total area 
is 


(15.5x10° N) 
(205 x 10° Pa) 
b) With the extra weight, repeating the above calculation gives 1250cm’. 


- 805 cm? - 


14.134: a)pgh = (01.03 x 10? kg /n? (9.80 m/s’ 250 m) = 2.52 x 105 Pa. b) The pressure 
difference is the gauge pressure, and the net force due to the water and the air is 
(2.52x105 Pa)(x(0.15 my ) 2 1.78x10? N. 


14.12: p= pgh- (1.0010? ke/m*)(9.80 m/s^ 640 m) = 6.27 x 105 Pa = 61.9 atm. 


14.13: a) p, + pgy, - 980x 10^ Pa + (13.6x10* kg/m^)(9.80 m/s^)(7.00x107 m) = 
1.07 x10? Pa. b) Repeating the calcultion with y= y, — y, = 4.00 cm instead of 
y, gives1.03x10? Pa. c) The absolute pressure is that found in part (b), 1.03 x 10? Pa. 


d) (y, — y pg = 5.33 x10? Pa (this is not the same as the difference between the results of 
parts (a) and (b) due to roundoff error). 


14.14: pgk- (1.00x10'kg/m^)(9.80 m/s’ (6.1 m) = 6.0 10* Pa. 


14.15: With just the mercury, the gauge pressure at the bottom of the cylinder 
is p = py + Poa gn With the water to a depth 4, , the gauge pressure at the bottom of the 


cylinder is p = p; + 9.8%, + p, gh. If this is to be double the first value, then 
Py 8h, = P. 8, 
h, = h (p, p, ) = (0.0500 m)(13.6«10° /'1.00x10°) = 0.680 m 


The volume of water is 
V — kA = (0.680 m)(12.0x107 m‘)=8.16x107 m° = 816cm? 


14.16: a) Gauge pressure is the excess pressure above atmospheric pressure. The 
pressure difference between the surface of the water and the bottom is due to the weight 
of the water and is still 2500 Pa after the pressure increase above the surface. But the 
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surface pressure increase is also transmitted to the fluid, making the total difference from 
atmospheric 2500 Pat+ 1500 Pa = 4000 Pa. 
b) The pressure due to the water alone is 2500 Pa= pgh. Thus 


2500 N/m? 


^ d000 kg/m) (9.50 m/s ^om 


To keep the bottom gauge pressure at 2500 Pa after the 1500 Pa increase at the surface, 
the pressure due to the water's weight must be reduced to 1000 Pa: 


1000 N/m? 


o_o 
(1000ke/m*)(9.80 m/s? ) 


Thus the water must be lowered by 0.255 m—0.102m=0.153m 


14.17: The force is the difference between the upward force of the water and the 
downward forces of the air and the weight. The difference between the pressure inside 
and out is the gauge pressure, so 


F = (pgh) A— w= (1.03103) (9.80 m/s?) (30 m) (0.75 m^) - 300 N= 2.27 x 10? N. 


14.18: |130x 10? Pa (1.0010? kg/m? (3.71 m/s” (14.2 m) — 93x10" Pa |2.00 m^) 
=1.79x10° N. 


14.19: The depth of the kerosene is the difference in pressure, divided by the product 
pg ^. 


_ (16.410? N)/(0.0700 m") — 2.01 «10° Pa 


14.21: The buoyant force must be equal to the total weight; p, Vg = p, V2 -- mg, so 


or 0.56 m* to two figures. : 
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14.22: The buoyant force is B=17.50 N—11.20N = 6.30 N, and 


B (6. 30N) 


14.23: a) The displaced fluid must weigh more than the object, so p < Pawa. b) If the 


ship does not leak, much of the water will be displaced by air or cargo, and the average 
density of the floating ship is less than that of water. c) Let the portion submerged have 


volume V, and the total volume be V;. Then, pV, = pa, V80% —;5-- The fraction 
above the fluid is then 1— z5-. If p +0, the entire object floats, and if p — fuig, none 
of the object is above the surface. d) Usins the result of part (c), 


NA NN E (0.042kg)/(5.0» 4.0» 3.0» 105 m?) 


= 0.32 = 32%. 
Paid 1030 kg/ro* ; 


14.24: a)B= p, EV =(1.00x10° kg/m ){9.80m/s? )(0.650m° )- 6370N. 
b)m =*= 2r. SMW - 558 kg, 
c) (See Exercise 14.23.) If the submerged volume is V’, 

w ar. y w 5470N 


= ———_ = —— = 0.859 =85.9%. 
Puer. LÀ EJ 6370 N 


p= 


14.25: a) pa gk, =116Pa. 
b) ((790 kg/m? (0.100 m)- (1000 kg/m* (0.0150 m))(9.80 m/s? )- 921 Pa. 


à so Pues Pup 4  (S05Pa)(o.100mf _ quis. 


g g 9.80 m/s? 
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The density of the block is p — is =822 =, Note that is the same as the average 


density of the fluid displaced, (0.85)(790 kg/ m }+ (0.15) (1000 ke / m). 


14.26: a) Neglecting the density of the air, 


m wg w (89N) 


Pose he = -3.36x10 ^ m’, 
p p g U80m/s)Q.7»10 kg/m) 


or 3.4x10 ^m" to two figures. 


b)T- w-B-w- ge, = [1-2 |= (89 nyi-4%?)- 56.0N. 


P amimmm 


14.27: a) The pressure at the top of the block is p = p; + pgh, where his the depth of 


the top of the block below the surface. & is greater for block B, so the pressure is greater 
at the top of block B. 


b) 8 = Pag- The blocks have the same volume V so experience the same 


buoyant force. 
c) T-—w+B=0s0 T=w-8. 


w= pVg. The object have the same F but p is larger for brass than for aluminum so 


wis larger for the brass block. B is the same for both, so T is larger for the brass block, 
blockB. 


14.28: The rock displaces a volume of water whose weight is 39.2 N -28.4N =10.8N. 


The mass of this much water is thus 10.8N/9.80m/s* =1.102ke and its volume, equal to 


the rock’s volume, is 
1.102 ke 


— —,-14102x10*5m* 
1.00x10^ kg/m 


The weight of unknown liquid displaced is 39.2 N— 18.6 N = 20.6 N, and its mass is 
20.6N/9.80 m/s? = 2.102 kg. The liquid’s density is thus 2.102 kg/1.102 x 10? m? 
=1.91x10° kg/m’, or roughly twice the density of water. 


14.29: v4 -v,4,v, =v,(4,/4,) 
A, = z(0.80cm),, 4, = 20z:(0.10 cm) 
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x(0.80)° 


v = G.0m/S 50 0.10) 


= 9.6 m/s 


dish »- i 8 -SOm/sX0.0700m^) 0.245 m*/s 


; 4, A, 
a) (i) A, = 0.1050 m/, v, = 2.33 m/s. (ii) 4, = 0.047 m°, v, = 5.21 m/s. 


b) wA — 2,4, = (0.245 m/s) (3600s) = 882m’. 


b) r, 2 nd v/v, 7 J(dV/dt)/nv, 20.317 m. 


14.32: a)Fromthe equation preceding Eq. (14.10), dividing by the time interval d£ 
gives Eq. (14.12). b) The volume flow rate decreases by 1.50% (to two figures). 


14.33: The hole is given as being “small,”and this may be taken to mean that the 
velocity of the seawater at the top of the tank is zero, and Eq. (14.18) gives 


= A2(gy  (p/ p) 
=/2((9.80 m/s” (11.0 m) + (3.00)(1.013 x10? Pa)/(1.03x10° kg/m*)) 


= 28.4 m/s. 


Note that y = 0 and p= p, were used at the bottom of the tank, so that p was the given 
gauge pressure at the top of the tank. 


14.34: a) From Eq. (14.18), v= J2gh = 42(9.80 m/s? X(14.0m)=16.6 m/s. 
b)v4 = (16.57 m/s)(x(0.30x10? my) 2 4.69x 10^ m?/s. Note that an extra figure 
was kept in the intermediate calculation. 


14.35: The assumption may be taken to mean that v, = Qin Eq. (14.17). At the 
maximum height, v, = Ü, and using gauge pressure tor p and p,, p, = U(the water is open 
to the atmosphere), p, = pgy, ^ 1.47 x 10^ Pa. 
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14.36: Usingv, — £v, in Eq. (14.17), 


1 15 
P= Pit 5^6 —v;)+ pg- y:)= p^ MEI +g- » 


= 5.00 10^ Pa + (1.00 10* kg/m? (S (3.00 m/s)? + (9.80 m/s^y(11. om) 


=1.62x10° Pa. 


14.37: Neglecting the thickness of the wing (so that y, = y,in Eq. (14.17)). the pressure 
difference is Ap = (1/2)p(v3 — v? )= 780 Pa. The net upward force is then 
(780 Pa) (16.2 m?)— (1340 kgY 9.80 m/s?) = 496 N. 


14.38: a) 2205) .| 30kg/s. b) The density of the liquid is 
0355 ke 
0.355x107? m? 


uides —-1.30x10? m/s -1.30L/s. This result may also be obtained 
from 2X03 2) - | 39 p /s, c) y - 139907 A 
= 6.50m/s,v, = v /4 =1.63m/s. 


— 1000 kg / m? , and so the volume flow rate is 


1 
d) p =p,+ zeb En pglv, z y) 


=152 kPa (1/2) (1000 kg/m (1.63 m/s) — (6.50 m/sY ) 


+ (1000 kg/m (9.80 m/s? )(-1.35 m) 
=119kPa 


14.39: The water is discharged at a rate of v, = penaoi. kN m/s. The pipe is 


132x107 m? 


given as horizonatal, so the speed at the constriction is v; = Vy + 2A p/p =8.95 m/s, 
keeping an extra figure, so the cross-section are at the constriction is 
e 5.19x 107 m’, and the radius is r= 4 4/7 = 0.41cm. 


14.40: From Eq. (14.17), with y, = y,, 


- RON =f j= 4 EL CNN 
PFP ^" 2 I= P 9? pr Pi g ^n 


www.FreeLibros.me 


-1.80» 10* Pa+=(1.00%10' kg/m? J2.50 m/s) = 2.03104 Pa, 


. . . v 
where the continutity relation v, = r has been used. 


14.41: Let point 1 be where »; =4.00cm and point 2 be where n, = 2.00cm. The 
volume flow rate has the value 7200cm? /s at all points in the pipe. 

v4, = wr. = 7200cm?, so v, 1.43 m/s 

vA; = vy; = 7200 cm’, sov, = 5.73 m/s 


1 1 
P, * PRY +S PY = Pat PEE PY 


y, 7 y; and p, = 2.40x10° Pa, so p, = p, zx -v})= 2.25x10? Pa 


14.42: a) The cross-sectional area presented by a sphere is ce, therefore 


F- ( Por pk. b) The force on each hemisphere due to the atmosphere is 
z(5.00x10? mJ (1.013x10° Pa )(0.975)= 776N. 


14.43: a) pgh = (1.0310 kg/m? J9.80» m/s°)(10.92x10° m)=1.10x10° Pa. 


b) The fractional change in volume is the negative of the fractional change in density. 
The density at that depth is then 


p = po(l+kAp)= (1.03 x10? kg/m? (1 (1.16»10* Pa (45.8 107! Pa~) 
—1.08x10^ kg/m’, 


A fractional increase of 5.0%. Note that to three figures, the gauge pressure and absolute 
pressure are the same. 


14.44: a) The weight of the water is 
ggV = (1.00x10° kg/m? (9.80 m/s (5.00 m)(4.0 m) (3.0 m))- 5.8810 N, 


or 5.9x10° N to two figures. b) Integration gives the expected result the force is what it 
would be if the pressure were uniform and equal to the pressure at the midpoint; 
F- pA 
= (1.00% 10° kg/m*)(9.80 m/s? )((4.0 m)(3.0 m))(1.50 m) - 1.7610? N, 
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or1.8x10° N to two figures. 


14.45: Let the width be w and the depth at the bottom of the eate be H. The force on a 
strip of vertical thickness dk ata depth & is then dF = pgh(wdk) and the torque about 
the hinge is dz = pgwhlk - Hj 2i; integrating from k=O tox = H gives 

r= pgoH? /12 = 2.61x10* N-m. 


14.46: a) See problem 14.45; the net force is [dF from 

k=OQtok=H,F= pgoH? /2= £gAH j2, where 4 = oH. b) The torque on a strip of 
vertical thickness dh about the bottom is dz = dF(H — k)- pgwh(H — k dk, and 
integrating from k — 0tok — H gives t = pgwH? /6— pgAH ?/6. c) The force depends 
on the width and the square of the depth, and the torque about the bottom depends on the 


width and the cube of the depth; the surface area of the lake does not affect either result 
(for a given width). 


14.47: The acceleration due to gravity on the planet is 


pd | 
and so the planet’s mass is 
2 2 
M= gR x ApVR 
G mGd 


14.48: The cylindrical rod has mass M, radius R, and length 4 with a density that is 
proportional to the square of the distance from one end, p = Cx’. 
a) M =| pdV = |Cx^ dV. The volume element dV = xR^dx. Then the integral 


3 
becomes M = JZ Cx^zR^ dx. Integrating gives M = CzR?]Z x^dx = CaR?* Z Solving 


for C,C =3M / zR D^. 


b) The density at the x=Z endis p= Cx! = (2, \z7)= EN The denominator is 


3 
aR 


just the total volume V, so p = 3M/V , or three times the average density, M/V. So the 
average density is one-third the density at the x = L end of the rod. 


14.49: a) At r= Ü, the model predicts p = 4 = 12,700 kg/m and at y= X, the model 
predicts 
p= A- BR =12,700 kg/m? — (1.50107 kg/m*)(6.37 x10° m) = 3.15x10° kg/m’. 
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b), c) 


R 3 4 3 
M= [dm - Ax|L4- Br? = a- BR | " | uii: | d- 2d 
0 


4 3 4 
$ 3 - 4 6 
_( 42(6.37%10' m | 19 700 kg/m’ 30-5010 kg/m* 6.37 x10 m) 
3 4 
= 5.99x10™ kg, 


which is within 0.36% of the earth’s mass. d) If m (r)is used to denote the mass 


contained in a sphere of radius r, then g = Gm (r) / r^. Using the same integration as 
that in part (b), with an upper limit of v instead of R gives the result. 


e) g=Oatr=0,andg atr = R, g = Gm(R)/ R? = (6.673 x10" N. m?/kg?) 
(5.99x10" ke)/(6.37 x 105 m} —9.85 m/s’. 


2 
f) ae (e 4, .3Br (S8 4-57 
dr 3 jdr 4 3 2 


setting ths equal to zero gives r = 24/3B = 5.64x 105 m, and at this radius 


Snore] 
3 A3B 4) 43B 
| AnGA? 
OB 
_ 4x(6.673x10""' N- m"/kg?)(12,700 kg/m Y 
7 9(1.50x10° ke/m’) 


=10.02 m/s’. 


14.50: a) Equation (14.4), with the radius r instead of height y, becomes 
dp =—pg dr =—pg,(r/R)dr. This form shows that the pressure decreases with increasing 
radius. Integrating, with p =Oatr=R, 


E TN pgp T 
EU E f R Í TA ) 


b) Using the above expression with r= Qand p= # = 6 š 


_ 3(5.97 x10% kgX(9.80 m/s’) 


— =1.71x10" Pa. 
82(6.38 x10* m) 


pCO) 
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c) While the same order of magnitude, this is not in very good agreement with the 
estimated value. In more realistic density models (see Problem 14.49 or Problem 9.99), 
the concentration of mass at lower radii leads to a higher pressure. 


14.51: a) p, gh, = (000x107 kg/m^)(9.80 m/s^)(015.0x10 7 m) 21.47 x 10? Pa. 
b) The gauge pressure at a depth of 15.0 cm — A below the top of the mercury column 
must be that found in part (a); p,,g(15.0cm— à) = p, g(15.0cm), which is solved for 


h —13.9cm. 


14.52: Following the hint, 


^h 
F - | (egy)QnR)dy = pgnRh 
where R and # are the radius and height of the tank (the fact that 2R = his more or less 
coincidental). Using the given numerical values gives F = 5.07 x 10? N. 


14.53: For the barge to be completely submerged, the mass of water displaced would 
need to be p, a” = (1.00x 10^ kg/m^)(22 x 40x 12 m^) 2 1.056x 10 kg. The mass of the 
barge itself is 


(7.8 x10° kg/m*)((2(22 + 40) x12 + 22 x 40) x 4.0x 107? m?) = 7.39» 10 kg, 


so the barge can hold 9.82 10? ke of coal. This mass of coal occupies a solid volume of 


6.55 x 10? m?, which is less than the volume of the interior of the barge (1.06 10* m°), 
but the coal must not be too loosely packed. 


14.54: The difference between the densities must provide the “lift” of 5800 N (see 
Problem 14.59). The average density of the gases in the balloon is then 


(5800 N) 


E C A020 /mi*. 
(9.80 m/s*)(2200 m?) g/m 


Pue =1.23 kg/m — 


14.55: a) The submerged volume "is —*—,s0 


PanterE " 


um - ZAR  $ÓNENBmRE 73 
V V Pas  (1.00x10° kg/m^) (3.0m^) 
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b) As the car is about to sink, the weight of the water displaced is equal to the weight 
of the car plus the weight of the water inside the car. If the volume of water inside the car 
is V", 


y 
V =w+F} ,0t— =l- 
P piter g P iiiter g V Vp, uo g 


Y —=1-030=070= 70%: 


14.56: a) The volume displaced must be that which has the same weight and mass as 


the ice, T = 9.70cm (note that the choice of the form for the density of water 


avoids conversion of units). b) No; when melted, it is as if the volume displaced by the 
9.709m of melted ice displaces the same volume, and the water level does not change. 


c) e -— 9.24cm?- d) The melted water takes up more volume than the salt water 


displaced, and so 0.46cm* flows over. A way of considering this situation (as a thought 


experiment only) is that the less dense water “floats” on the salt water, and as there is 
insufficient volume to contain the melted ice, some spills over. 


14.57: The total mass of the lead and wood must be the mass of the water displaced, or 
Va p pet A: wood Va * Ped de water? 


solving for the volume V, , 
UN =V d Ps sod 
PaP water 
3 3 3 
- 2x10? n?) 1.00210 kg/m 600 pat 
11.3x10? kg/m’ —1.00x 105 kg/m 
= 4.66 x10 m, 


which has a mass of 5.27 keg. 


14.58: The fraction fof the volume that floats above the fluid is f — 1— P 1 


P anid 
where p is the average density of the hydrometer (see Problem 14.23 or Problem 14.55), 


which can be expressed as p aig p y Thus, if two fluids are observed to have 


floating fraction f, and f, p, = p, = A 


. In this form, it’s clear that a larger f, 


2 
corresponds to a larger density; more of the stem is above the fluid. Using 
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— (8.00 em)(0.400 cm?) — — (3.20 em¥0400em?} _ : 
m (2e) —— 0.242, f, = C e. 0m 0.097 gives 


Paci = (0.839) p, i. 7839 kg/m". 
14.59: a) The “lift” is V(p,. — Pn, )g, from which 


120,000 N 


Bas — eee bibe ll pul 
(1.20 kg/m^ — 0.0899 kg/m? (9.80 m/s”) 


b) For the same volume, the “lift” would be different by the ratio of the density 
differences, 


(120,000 xen =11.2x10' N. 
ar Pu, 


This increase in lift is not worth the hazards associated with use of hydrogen. 


14.60: a) Archimedes’ principle states pgid = Mg,so L= a 
b) The buoyant force is pgA(L + x)= Mg + F, and using the result of part (a) and 


i i us 
solving for x gives x=. 


c) The *spring constant," that is, the proportionality between the displacement x and 
the applied force F, is k = pg4, and the period of oscillation is 


T 2x a. = 2% clin 
k pga 


w mg m (70.0 kg) 


14.61: a)x =— = —2-=—_= z = 0.107 m. 
pgA pgA på (103x10 kg/m? k(0.450m) 


b) Note that in part (c) of Problem 14.60, M is the mass of the buoy, not the mass of 
the man, and 4 is the cross-section area of the buoy, not the amplitude. The period is then 


(950kg 
=p | -242s. 
“oxo ke/m? (9.80 m/s? (0.450 mY R 


14.62: To save some intermediate calculation, let the density, mass and volume of the 
life preserver be 95,7 and v, and the same quantities for the person be p, , M and V. 
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Then, equating the buoyant force and the weight, and dividing out the common factor of 
& 


Poate (0.807 T v) = Pov + pv, 


Eliminating V in favor of p, and M, and eliminating m in favor of p, and v, 


pv + M = pues (os ot + J 
£i 


Solving for pp, 


fs [o (080)! sv) 


y 


A 
ee Mf noe 
y Pi 
3 
-103x10 kg/m? Eg 1-qugg Oe kein 
0.400 m 980 kg/m 


= 732 kg/m- 


14.63: To the given precision, the density of air is negligible compared to that of brass, 
but not compared to that of the wood. The fact that the density of brass may not be 
known the three-figure precision does not matter; the mass of the brass is given to three 
figures. The weight of the brass is the difference between the weight of the wood and the 
buoyant force of the air on the wood, and canceling a common factor of 


Ee sc (Prod oe Pair) = My, and 


-l 
Moa = Pissed! A x My Pes = M ass í Es fe 
Pasa fir P vood 
120 kg/m? | 
= (0.0950 kg)| 1-2" | = 0.0958kg. 
150 kg/m 


14.64: The buoyant force on the mass 4, divided 
by g, must be 7.50 ke — 1.00 ke — 1.80 ke = 4.70 ke (see Example 14.6), so the mass block 


is 4.70 ke 4- 3.50ke = 8.20 ke.a) The mass of the liquid displaced by the block is 

4.70kg, so the density of the liquid is 772 —1.24x10* kg/m”. b) Scale D will read 
the mass of the block, 8.20 ke, as found above. Scale E will read the sum of the masses of 
the beaker and liquid, 2.80 kg. 


14.65: Neglecting the buoyancy of the air, the weight in air is 
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ElEk VA, + CaM gs) = 45.0 N. 
and the buoyant force when suspended in water is 


Pi Pg VQ )g E 45.0 N = 39.0 N = 6.0 N. 


These are two equations in the two unknowns V,, and V,,. Multiplying the second by 
Pa and the first by P ae and submacting to eliminate the V,, term gives 


Pikal Au E (Pas - Pa) Ej Pau 45.0 N) — Pat (6.0N) 


Wau = Pas8 Vnu = — — 2 — — (p.a, (45.0 N) - pa, (6.0)) 
P ones (Pa LT Pa) 
= U) - : 
139053 ^27; C 045.08) - Q.7)60 N) 
=33.5N. 


Note that in the numerical determination of w,, specific gravities were used instead of 
densities. 


14.66: The ball’s volume is 

V= Ér = snd 2.0cm) = 7238em* 
As it floats, it displaces a weight of water equal to its weight. a) By pushing the ball 
under water, you displace an additional amount of water equal to 84% of the ball’s 
volume or (0.84)(7238cm*)= 6080 cm*. This much water has a mass of 


6080 g = 6.080 ke and weighs (6.080 ke)(9.80 m/s?) = 59.6 N, which is how hard you'll 


have to push to submerge the ball. 
b) The upward force on the ball in excess of its own weight was found in part (a): 
59.6 N. The ball's mass is equal to the mass of water displaced when the ball is floating: 


(0.167238 cm? Y(1.00 g/cm?) 21158 g — 1.158 ke, 


and its acceleration upon release is thus 


14.67: a) The weight of the crown of its volume V is w = P omg , and when 


suspended the apparent weight is the difference between the weight and the buoyant 
force, 
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fw= Poong, = LT NE g 


Dividing by the common factors leads to 


— Poet T Dass =P cnn or 


As f — 0, the apparent weight approaches zero, which means the crown tends to float; 
from the above result, the specific gravity of the crown tends to 1l. As f — 1, the 


apparent weight is the same as the weight, which means that the buoyant force is 
neslieble compared to the weight, and the specific gravity of the crown is very large, as 
reflected in the above expression. b) Solving the above equations for fin terms of the 


specific gravity, f —1— ==, and so the weight of the crown would be 


Pera 


(1—(1/19.3)(12.9 N)- 12.2 N. c) Approximating the average density by that of lead for a 
“thin” gold plate, the apparent weight would be (1— (1/11 3)) (12.9 N)= 11.8 N. 


14.68: a) See problem 14.67. Replacing f with, respectively, w,,,../wand wa, /w gives 


and dividing the second of these by the first gives 


Paid 7 anid 


P water HT Water 


b) When wy, is greater than w.a, the term on the right in the above expression is less 


than one, indicating that the fluids is less dense than water, and this is consistent with the 
buoyant force when suspended in liquid being less than that when suspended in water. If 
the density of the fluid is the same as that of water wy,., = Wyar as expected. Similarly, 
if Wag is less than Wae, the term on the right in the above expression is greater than 
one, indicating the the fluid is denser than water. c) Writing the result of part (a) as 


Paid _ 1— fava a 
P vater lfs 


and solving for fania, 


faia 51-2 (4— fuer = 1- (1.220) (0.128) = 0.844 = 84.4%. 


water 
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14.69: a)Letthe total volume be V; neglecting the density of the air, the buoyant force 
in terms of the weight is 


W, 
B- Pouce = Pasa Za 


m 


or 


B 
po CE 
Pw & Prg 
Jz- ui = 252x10” m*. Since the total volume of the casting is =>, the 


cavities are 12.4% of the total volume. 


14.70: a)Letd be the depth of the oil layer, 4 the depth that the cube is submerged in 
the water, and Z be the length of a side of the cube. Then, setting the buoyant force equal 
to the weight, canceling the common factors of g and the cross-section area and 
supressing units, 

(1000) + (750) = (550)7.2, h and L are related by d + A+ (0.35)L = L, so h = (0.65) — 


s Unt i z i ] @.65)(1000)-(590 
d. Substitution into the first relation gives d = Z AGTEN — 22 0.040m, b) The 


gauge pressure at the lower face must be sufficient to support the block (the oil exerts 
only sideways forces directly on the block), and 


P=P,,.a8! = (550 kg /m^)y(9.80 m/s’ (0.100 m) = 539 Pa. As a check, the gauge 
pressure, found from the depths and densities of the fluids, is 
((0.040 m(750 kg/ m°) + (0.025 m)(1000 kg/m*))(9.80 m/s?) - 539 Pa. 


14.71: The ship will rise; the total mass of water displaced by the barge-anchor 
combination must be the same, and when the anchor is dropped overboard, it displaces 
some water and so the barge itself displaces less water, and so rises. 

To find the amount the barge rises, let the original depth of the barge in the water be 
hy =(m, m, y Ua uiti where m, and m, are the masses of the barge and the anchor, and 
A is the area of the bottom of the barge. When the anchor is dropped, the buoyant force 
on the barge is less than what it was by an amount equal to the buoyant force on the 
anchor; symbolically, 


H Prater AE ES Ky P naer A i (m, [Pau Je a£ 


which is solved for 
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(35.0kg) 


m 
Ah -h,—h'- —R—- =557e10 4 
ho Paad (7860 kg/m? 8.00m?) "Ws 


or about 0.56 mm. 


14.72: a) The average density of a filled barrel is 
Pay + 2 = 750 kg/m* 4. 25916. — 875 kg/m’, which is less than the density of seawater, 


0.120 m* 


so the barrel floats. 
b) The fraction that floats (see Problem 14.23) is 


3 
J- 2m "NEC = 0.150 215.094. 
Pas 1030 kg/m 


c) The average density is 910 = + was = It which means the barrel sinks. 


In order to lift it, a tension 
T=(1177 (0, 120 m*\(9.80 23 — (1030 E 120 m?)(9.80 a) =173 N is required. 


14.73: a) See Exercise 14.23; the fraction of the volume that remains unsubmerged is 
1- = b) Let the depth of the liquid be x and the depth of the water be y. Then 


"x 
CPa Pa IE 
EEG c) 


pLgx  pwgy = p,gL and x4 y= L. Therefore x= L— y and y= 
y - EH (0.10 m) = 0.046 m. 


14.74: a) The change is height Ay is related to the displaced volume AV by Ay = = 5 


where 4 is the surface area of the water in the lock. AV is the volume of water that has 
the same weight as the metal, so 


AV Woa w 
4 A Prater &4 


(2.50x10° N) 


= NE am. 
(1.00x10* kg/m^)(9.80 m/s*)((60.0 m)(20.0 m)) 


b) In this case, AV is the volume of the metal; in the above expression, P ae is 
replaced by Pee! = 9.005... which gives Ay' 4, and Ay Ay’ = $Ay — 0.189 m; the 
water sinks by this amount. 
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14.75: a) Consider the fluid in the horizontal part of the tube. This fluid, with mass 
pál, is subject to a net force due to the pressure difference between the ends of the tube, 
which is the difference between the gauge pressures at the bottoms of the ends of the 
tubes. This difference is pg(y, — vp ), and the net force on the horizontal part of the fluid 
is 


pg(y, — y4)4 = pda, 


or 
a 
(5.38172 —4 
€ 


b) Again consider the fluid in the horizontal part of the tube. Às in part (a), the fluid is 
accelerating; the center of mass has a radial acceleration of magnitude a,,, — 77/2, and 


so the difference in heights between the columns is (077/2)2/ g) = o??? /2g. 


Anticipating Problem, 14.77, an equivalent way to do part (b) is to break the fluid in 
the horizontal part of the tube into elements of thickness dr; the pressure difference 
between the sides of this piece is dp = p(or)dr (see Problem 14.78), and integrating 


from r= 0 tor =/ gives Ap = po 1^ /2, giving the same result. 


c) At any point, Newton’s second law gives dpd = p4d!a from which the area 4 
cancels out. Therefore the cross-sectional area does not affect the result, even if it varies. 
Integrating the above result from 0 to ? gives Ap = pa! between the ends. This is 
related to the height of the columns through Ap = pgAy from which p cancels out. 


14.76: a)The chanse in pressure with respect to the vertical distance supplies the force 
necessary to keep a fluid element in vertical equilibrium (opposing the weight). For the 
rotating fluid, the change in pressure with respect to radius supplies the force necessary to 


keep a fluid element accelerating toward the axis; specifically, dp — I dr = pa dr, and 
Fd 
using a — cr gives a = por. b) Let the pressure at y = 0,r =0 be p, (atmospheric 
P 


pressure); integrating the expression for 3 from part (a) gives 


po ye 
2 


p(r.y-0)- p, + 
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c) In Eq. (14.5), p, = p, p, = p(r.y = 0)as found in part (b), y, = Qand y, = k(r), the 
height of the liquid above the y =0 plane. Using the result of part (b) gives 
h(r)- wr fg. 


14.77: a) The net inward force is ( pt dp)A — pA = Adp, and the mass of the fluid 
element is pddr'. Using Newton’s second law, with the inward radial acceleration of 


o^ r', gives dp = po'rdr. b) Integrating the above expression, 


[ dp- L per dr 


p-n- (E e - n) 


which is the desired result. c) Using the same reasoning as in Section 14.3 (and Problem 

14.78), the net force on the object must be the same as that on a fluid element of the same 

shape. Such a fluid element is accelerating inward with an acceleration of magnitude 
cR... and so the force on the object is pVio^ R,.. d) If PR on > p, R,,, the inward 


cmob, 
force is greater than that needed to keep the object moving in a circle with radius Rp at 
angular frequency c , and the object moves inward. If PR n < p, R,,, , the net force is 


insufficient to keep the object in the circular motion at that radius, and the object moves 
outward. e) Objects with lower densities will tend to move toward the center, and objects 
with higher densities will tend to moye away from the center. 


14.78:  (Notethat increasing x corresponds to moving toward the back of the car.) 
a) The mass of air in the volume element is pd¥ = pAdx , and the net force on the 


element in the forward direction is (p + dp)4 — pA = Adp. From Newton's second law, 
Adp = (pA dx)a, from which dp = padx. b) With p given to be constant, and with 
p= patx=0, p = p, + pax. c) Using p=1.2 ke/m in the result of part (b) gives 

(1.2 ke/m' (5.0 m/s*)(2.5 m)- 15.0 Pa 15x 107 p,,, , so the fractional pressure 


difference is negligble. d) Following the argument in Section 14-4, the force on the 
balloon must be the same as the force on the same volume of air; this force is the product 
of the mass p V and the acceleration, or pVa. e) The acceleration of the balloon is the 


force found in part (d) divided by the mass p,,V ,or(p/ p,, . The acceleration relative to 
the car is the difference between this acceleration and the car's acceleration, 
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a = (p/p )- 1a f) For a balloon filled with air, (p/,,,,)<1 (air balloons tend to sink 


in still air), and so the quantity in square brackets in the result of part (e) is negative; the 
balloon moves to the back of the car. For a helium balloon, the quantity in square 
brackets is positive, and the balloon moves to the front of the car. 


14.79: Ifthe block were uniform, the buoyant force would be along a line directed 
through its geometric center, and the fact that the center of gravity is not at the geometric 
center does not affect the buoyant force. This means that the torque about the geometric 
center is due to the offset of the center of gravity, and is equal to the product of the 
block's weight and the horizontal displacement of the center of gravity from the 


geometric center, (0.075 m)//2. The block’s mass is half of its volume times the density 
of water, so the net torque is 


(0.30my (1000 kg/m?) 


(Ens ™ _ ne Nn. 
2 42 


or 7.0 N- mto two figures. Note that the buoyant force and the blocks weight form a 
couple, and the torque is the same about any axis. 


14.80: a) As in Example 14.8, the speed of efflux is 2g. After leaving the tank, 
the water is in free fall, and the time it takes any portion of the water to reach the 


ACE —h) 


ground is f= , in which time the water travels a horizontal distance 


R=vt=2,/h(H — n). 
b) Note that if à = H —h,h'(H — h^) - (H —h)h, and so &/ = H — h gives the 


same range. À hole H — below the water surface is a distance # above the bottom 
of the tank. 


14.81: The water will rise until the rate at which the water flows out of the hole is 
the rate at which water is added; 


dV 
Aq 2 gh s 


which is solved for 


—13.1cm. 


2g 


dVjdrY 1 (240x107 m/s)’ 1 
a= "|. |. ESSAIS 
A 150x107* m? } 2(9.80 m/s?) 


Note that the result is independent of the diameter of the bucket. 
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14.82: a)v,4, = J2g(y, — y.) 4, = 4 2(9.80 m/s^)(8.00 m)(0.0160 m^) = 0.200 m?/s. 


b)Since p, is atmospheric, the gauge pressure at point 2 is 


A, 


using the expression for », found above. Subsititution of numerical values gives 
p, 7 697x10* Pa. 


2 
1 1 A 8 
Pet SAES v3) zs id (4) } gg — Vs), 


14.83: The pressure difference, neglecting the thickness of the wing, is 
Ap= a/ 2) pss -Vi wn) and solving for the speed on the top of the wing gives 


Wc Jazo m/s)’ + 2(2000 Pa)/ (1.20 kg/m°) =133 m/s. 


The pressure difference is comparable to that due to an altitude change of about 200 m, 
so ignoring the thickness of the wing is valid. 


14.84: a)Using the constancy of angular momentum, the product of the radius and 
speed is constant, so the speed at the rim is about (200 kayn) =17 km/h. b) The 
pressure is lower at the eye, by an amount 


2 
Ap= ;02 ke/m^)((200 km/h)’ — (17 ki = =1.8x10 Pa 


c) E — 160 mto two figures. d) The pressure at higher altitudes is even lower. 


14.85: The speed of efflux at point D is 428h, and so is ,/8g%, at C. The gauge 
pressure at C is then pgh — 4pgh, — —3pgh, and this is the gauge pressure at E. The 
height of the fluid in the column is 35. 


14.86: a)v- we so the speeds are 


6.00x10° m?*/s 
10.0x10 m? 


6.00» 10? m/s 


— 6.00 m/s and 
/ 40.0x 104 m? 


—1.50 m/s. 


b) Ap = 1 p(y; —v;) 2 1.688 x10* Pa, or 1.69 x 10* Pa to three figures. 
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x AB (1.688x10* Pa) 
c) Ah= m 36x10" kem Y930mjs) — =12.7 cm. 


14.87: a)The speed of the liquid as a function of the distance y that it has fallen is 
v= 4x +2gy, and the cross-section area of the flow is inversely proportional to this 


speed. The radius is then inversely proportional to the square root of the speed, and if the 
radius of the pipe is 7;, the radius v of the stream a distance y below the pipe is 


b) From the result of part (a), the height is found from (1-- 2gy/v2 ^ =2, or 


15$ 150. E TT 


14.88: a)The volume V of the rock is 


y. B. w-T  (8.00kgY9.80 m/s*)— 210N) g 57% TN 


Pag Pag (00x10 kg/m (9.80 m/s") 


In the accelerated frames, all of the quantities that depend on g (weights. buoyant 
forces, gauge pressures and hence tensions) may be replaced by g'- g + a, with the 


positive direction taken upward. Thus, the tension is T = mg’— B' = (m— pV)g' =T, H 3 
where 7, = 21.0 N. 

b) g'= g + a; for a = 2.50 m/s’ ,T = (21.0N)222222 = 264 N. 

c) For a =-2.50 m/s’ ,T = (21.0 N)23523? = 15.6 N. 

d)If a 2—g,g' - 0and7 - 0. 


14.89: a) The tension in the cord plus the weight must be equal to the buoyant force, so 
T miii m — Pram ) 


= (1/2)(0.20 m)? (0.50 m)(9.80 m/s?)(1000 kg/m? — 180kg/m') 
- 804 N. 
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b) The depth of the bottom of the styrofoam is not given; let this depth be 7. 
Denote the length of the piece of foam by Z and the length of the two sides by 7. The 
pressure force on the bottom of the foam is then (p, + pg, xai ) and is directed up. 


The pressure on each side is not constant; the force can be found by integrating, or using 
the result of Problem 14.44 or Problem 14.46. Although these problems found forces on 
vertical surfaces, the result that the force is the product of the average pressure and the 


area is valid. The average pressure is p, + pg(/z, — (/(2¥2))), and the force on one side 
has magnitude 


(p, + pathy —1/(2V2))Li 


and is directed perpendicular to the side, at an angle of 45.0° from the vertical. The force 
on the other side has the same magnitude, but has a horizontal component that is opposite 
that of the other side. The horizontal component of the net buoyant force is zero, and the 
vertical component is 


2 
B = (po + pas LIND - 2(008 45.0°\ p, + Pg h — If QV2)))LI = pe, 


the weight of the water displaced. 
14.90: When the level of the waier is a height y above the opening, the efflux speed is 
J2gy, and £= z(d/2Y' J2gy. As the tank drains, the height decreases, and 


& Wid ru ie. (2 j 
d A wD à ye. 


This is a separable differential equation, and the time 7'to drain the tank is found from 


which integrates to 


or 


14.91: a) The fact that the water first moves upwards before leaving the siphon does not 
change the efflux speed, ,/2g%. b) Water will not flow if the absolute (not gauge) 


pressure would be negative. The hose is open to the atmosphere at the bottom, so the 
pressure at the top of the siphon is p, — pg(H + A), where the assumption that the cross- 
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section area is constant has been used to equate the speed of the liquid at the top and 
bottom. Setting p — 0 and solving for H gives H = (p, /pg)- h. 


14.92: Any bubbles will cause inaccuracies. At the bubble, the pressure at the surfaces 
of the water will be the same, but the levels need not be the same. The use of a hose as a 
level assumes that pressure is the same at all point that are at the same level, an 
assumption that is invalidated by the bubble. 

15.1:  a)The period is bwice the time to go from one extreme to the other, and 

v= fk — A/T — (6.00 m)/(5.0s) 21.20 m/s, or 1.2 m/s to two figures. b) The amplitude 
is half the total vertical distance, 0.310 m. c) The amplitude does not affect the wave 
speed; the new amplitude is 0.150m. d) For the waves to exist, the water level cannot be 
level (horizontal), and the boat would tend to move along a wave toward the lower level, 
alternately in the direction of and opposed to the direction of the wave motion. 


152: flav 
pot lv a sae p 
i 0.001m 


153:  a)A-v/f = (344 m/s)/(784 Hz) = 0.439 m. 


b) f= vih = (344 m/s)/(6.55x 10? m) = 5.25x 105 Hz. 


15.4: Denoting the speed of light by c, A — £, and 


x m x x: 
a)5U ss6m =) u^. 2,87 m. 
40x10? Hz 164.5x10* Hz 


15.5: | a) A a = (344 m/s)/(20.0 Hz) 217.2 m, X. = (344 m/s)/(20,000Hz) 
—]1.72 cm. 


b) Aa = (1480 m/s)/(20.0 Hz) = 74.0 m, .... = (1480 m/s)/(20,000 Hz) = 74.0 mm. 


15.6: | Comparison with Eq. (15.4) gives a)6.50mm, b)28.0cm, 
ce) f =4=—4 = 27.8Hz and from Eq. (15.1), d) v= (0.280 my(27.8 Hz)= 7.78 m/s, 


T 0.0360 s 
e)+ x direction. 


www.FreeLibros.me 


15.7: a) f = v/} = (8.00 m/s)/(0.320 m) = 25.0 Hz, 
T -1/f =1/(25.0Hz) -4.00x107s, k -2z/4.— (2x)/(0.320 m) - 19.6 rad/m. 


b of 0.0700 m)cos 2 l 25.0 Hz) 
) v(x, 4) = ( ) x| t( ) I 


c) (0.0700 m) cos 2x ((0. 150s)(25.0 Hz) + (0.360 m)/ (0.320 m))] — —4.95cm. 
d) The argument in the square brackets in the expression used in part (c) is 2z(4.875), 
and the displacement will next be zero when the argument is 102; the time is then 
T(5— x/X) = (1/25.0HzY(5— (0.360 m)/(0.320 m)) - 0.1550s and the elapsed time is 
0.00505, e) 7/2 = 0.02 s. 


y 


15.8: a) 
b) 
15.9: a) =—Ak sin(kx + cof) es =—Ak? cos(kx + wt) 


2 
=— Ac) sin(kx + wt) at = —Aco* cos(kx + wt), 


and so 23 = 1757. and y(x,t) is a solution of Eq. (15.12) with v= w/k. 
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2 
ierik Due. 4 eee en 
Ox ax? 
oy ory 
—=4Awcos(kx+ot) —>=—Aw’ sin(kx- wt), 
at ar’ 
and so — = 2-2» and y(x,t) is asolution of Eq. (15.12) with v 2c /k. c) Both waves 


are moving in the — x -direction, as explained in the discussion preceding Eq. (15.8). 
d) Taking derivatives yields v, (x,t) =—cod cos (kx+ cot) and a (x,t) = w" A sin (Kx 4- cot). 


15.10: a) Therelevant expressions are 
y(x,£) 2 4 cos(kx — cot) 


v, = 2 - ad sin (ix at) 
G Qv 
a, = 74-0 cos (cot — kx). 


b) (Take 4, kand co to be positive. At*t = 0, the wave is represented by (19.7(a)); point 
(i) in the problem corresponds to the origin, and points (ii)-(vii) correspond to the points 
in the figure labeled 1-7.) (i) v, = wA cos(0) = w4, and the particle is moving upward (in 


the positive y-direction). a, = —c’4 sin(0) = 0, and the particle is instantaneously not 
accelerating. (ii)v, = wA cos(— x/4) =wA/ i , and the particle is moving up. 
a= -w' Asin(— z/ 4) = c^ AIN2 , and the particle is speeding up. 
(iii) v, = @Acos(— 1/2) — 0, and the particle is instantaneously at rest. 
“= -w° 4 sin(— nf2)= cu^ A, and the particle is speeding up. 
(iv) v, = wA cos(- 32/4) = —eA] 42, and the particle is moving down. 
2 : 2 . . . » " 
a, =—& Asin(- 3n/A) 2 c A] ae. , and the parie is slowing down (v, is becoming less 
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negative). (v) v, = œd cos(—x) — —4 and the particle is moving down. 
a, - —co* A sin(—z) = 0, and the particle is instantaneously not accelerating. 
(vi) v, = wA cos(- 5xj4) 2 — cA] 42 and the particle is moving down. 
a, - -0° Asin(- 51/4) = -w° Aj 42. and the particle is speeding up (v, and a, have the 
same sign). (vii) v, = c4 cos(— 32/2) = 0, and the particle is instantaneously at rest. 
a, = —w’ A sin(— 35/2) =—ø A and the particle is speeding up. 
(viii) v, = c4 cos(- 72/4) - wdf J2 , and the particle is moving upward. 
a, = -w Asin(- 7z/4) - — c Af A and the particle is slowing down ( v, and a, have 
opposite signs). 


15.11: Reading from the graph, a) 4 — 4.0 mm, b) 7 = 0.040s. c) À displacement of 
0.090 m corresponds to a time interval of 0.025 s; that is, the part of the wave represented 
by the point where the red curve crosses the origin corresponds to the point where the 

blue curve crosses the t-axis (y = 0) at £= 0.0255, and in this time the wave has traveled 


0.090 m, and so the wave speed is 3.6 m/s and the wavelength is 

vT = (3.6 m/sy(0.040 s) = 0.14 m. d) 0.090 m/0.015s = 6.0 m/s and the wavelength is 
0.24 m. d) No; there could be many wavelengths between the places where y(t) is 
measured. 


15.12: a) Acos paž- E) =r doost x-a) 


=+4 cos (x —vt), 


where z =f =v has been used. 


Ox dn i m 
ü X X 


c) The speed is the greatest when the cosine is 1, and that speed is 2xv4/2.. This will be 
equal to v if 4 = A/2z , less than vif A < A/2z and greater than v if A > A/2z. 


b) y - 


15.13: a) ż=0: 
x(cm) 0.00 1.50 3.00 4.50 6.00 7.50 9.00 10.50 12.00 


j(em) 0.000 —0.212 —0.300 —0.212 0.000 0.212 0.300 0.212 0.000 
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i= Ne 


XIT 


b) i) £— 0.400 a: 
x(cm) 0.00 1.50 3.00 4.50 600 7.50 9.00 10.50 12.00 


j(em) 0.285 0.136 —0.093 —0.267 —0.285 -0.136 0.093 0.267 0.285 


t ids 


0 200 
+ 
AION + 
viem) mn ——————— rs 
fut 3.00 6.00 i 13 x EU 
4 500 
ii): — 0.8005 : 
x(em) 0.00 1.50 3.00 4.50 6.00 7.50 9.00 10.50 12.00 


pem) 0.176 0.296 0.243 0.047 —0.176 —0.296 —0.243 —0.047 0.176 
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iii) The wave is traveling in + x -direction. 


15.14: Solving Eq. (15.13) for the force F, 


0.120 kg 


F - uy! = ul fry -( = Jean 0.750 = 43.2N. 


15.15: — a) Neglecting the mass of the string, the tension in the string is the weight of 
the pulley, and the speed of a transverse wave on the string is 


ae i - [050kgX9.800/5d c. 
H \ (0.0550kg /m) 


b) A-v/f — (16.3m/s)/(120 Hz) 2 0.136m. c) The speed is proportional to 
the square root of the tension, and hence to the square root of the suspended mass; the 
answers change by a factor of 42.t023.1 m/s and 0.192 m. 


1516: a) v=F/p = J(140.0N)(10.0 m)/(0.800 kg) = 41.8 m/s. 


b) =v} f = (41.8 m/s)/(1.20Hz)=34.9m. c)The speed is larger by a factor of 
42, and so for the same wavelensth, the frequency must be multiplied by 
M. or 1.70 Hz. 


15.17: Denoting the suspended mass by M and the string mass by m, the time for the 
pulse to reach the other end is 
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C CE gs C | ED ans 
v 4Mgl(m/L) \Mg ¥(7.50kg)9.80 m/s) — 


15.18: a) The tension at the bottom of the rope is due to the weight of the load, and 
the speed is the same 88.5 m/s as found in Example 15.4 b) The tension at the middle 


of the rope is (21.0 kg)(980 m/s^) = 205.8 N (keeping an extra figure) and the speed of 
the rope is 90.7 m/s. c) The tension at the top of the rope 


is (22.0 kg(9.80 m/s* ) 2 215.6 m/s and the speed is 92.9 m/s. (See Challenge Problem 
(15.80) for the effects of varying tension on the time it takes to send signals.) 


1519:  3)jv- JF/p = (5.00 N)/(0.0500 kg/m) 10.0 m/s 
b)A — v/ f = (10.0 m/s)/(40.0 Hz) = 0.250 m 
C) y(x,£) = A cos(kx — ct) (Note : y (0.0) = 4,as specified.) 

k = 2n/ 4, = 8.00z rad/m; c = 2zf — 80.0z rad/s - 

y(x,£) = (3.00 em)cos[x (8.00 rad/m)x — (80.00 rad/sy) 

d) v, =+4e sin(kx — cot anda, — —4c^ cos(kx — wt) 

a, aus = Aco’ = A(2nf). =1890 m/s” 


€) a, ,,19 much larger than g, so ok to ignore gravity. 


15.20: a) Using Eq.(15.25), 
P => uF o A? 


ave 


ze 3.00107 kg 
2 0.80m 
= 0.223 W, 


Jeso N)(22(120.0 Hz)) (1.6x10? my 


or 0.22 W to two figures. b) Halving the amplitude quarters the average power, to 0.056 
W. 


15.21: Fig. 15.13 plots P(x,)  J uFco' A’ sin’ (kx — cof) at x — 0. 


For x = 0, P(x,t) = 4 uF c 4° sin (ct) = P sin" (cof) 
Whenx = 4/4, kx = (2z/A)(,/4) = 22. 
sin (x/2.— ct) = cos wt, so P(A/4,t) = P „ cos! wt 
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The graph is shifted by 7/4 but is otherwise the same. The instantaneous power 
is still never negative and F, — £P... , thesameasat x = 0. 


32: n =n] = (7.5m), /— ~ = 2.5m, so it is ossible to 
1532: n-nj4 -(T.5m) HE = 2:5 possibl 


1.0 w/m’ 


mover -n = 7.5 m- 2.5 m = 5.0m closer to the source. 


1523: a)Iri-Ly. 
L-L(GQ/ry (0026 W/m^'y4.3m/3.1m = 0.050 W/m’? 
b) P= Axr?I = Ax(4.3m Y (0.026 W/m? ) = 6.04 W 


Energy = Pt = (6.04 W)(3600s) = 2.2» 10* J 


15.24: (a) 4-2.30mm.(b)f = z —? 4118 Hz. (c) - 21-21. — 090m. (d) 


k — 698mdfm 
v=#= zs adus = =106 m/s. (e) The wave is traveling in the —x direction because the 


phase of y (x,£) has the form x+ ct. (f) The linear mass density is 
H = (3.38 x 107 kg)/(1.35 m) = 2.504 x 107 kg/m, so the tension is 
F = uy! = (2.504 x 10? kg/m)(106.3 m/s)’ = 28.3 N (keeping an extra figure in v for 


accuracy). (g)B,- i uF oA? - 14(2.50x 10? kg/m)(28.3 N)(742 rad/s)” 


(2.30x10? m)? = 0.39 W. 


15.25: £=0.250 W/m'atr-150m 
P= Anr^I = An(15.0m)*(0.250 W/m?) = 707 W 


15.26: a) The wave form for the given times, respectively, is shown. 
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Vv 4 


b) 


15.27: a) The wave form for the given times, respectively, is shown. 


b) 
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15.28: 


15.29: 


15.30: Let the wave traveling in the + x direction be y, (x,t) = 4 cos (kx — ét). The 
wave traveling in the — x direction is inverted due to reflection from the fixed end of the 
string at x = 0, so it has the form y; (x,t) =—A cos(Kx + ct). The wave function of the 


resulting standing wave is then y(x, t) = y, (X,£) 4- y; (x,£), where 
4 —- 2.46 mm, c = 2x/T = 2z/ (3.65 x10? s) 2 1.72x 10? rad/s, k = w/v = 
(1.72 10* rad/s)(111 m/s) — 15.5rad/m. 


15.31: a) The nodes correspond to the places where 

y= 0 for allt in Eq. (15.1); that is, sin Ax, = O or kx. = mz, nan integer. 

With k = 0.75z rad/m, x,,,. = (1.333 m)» and for 

n= 0,1,2,.., X = 0,1.333m,2.67 m, 4.00 m, 5.33 m, 6.67 m,... b) The antinodes 
correspond to the points where coskx = 0, which are halfway between any two adjacent 
nodes, at 0.667 m, 2.00 m, 3.33 m, 4.67 m, 6.00 m, ... 


ay 


2 
a -k*[4_, sinc |sin kx, y = -0° |4,, sin wt |sin kx, 
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so for y(x,t) to bea solution of Eq. (15.12), —k* = 


b) A standing wave is built up by the remedii of traveling waves, to which the 
relationship v= c/k applies. 


15.33: a)Theamplitude of the standing wave is 4, = 0.85cm, the wavelength is 
twice the distance between adjacent antinodes, and so Eq. (15.28) is 


y(x,t) = (0.85 cra)sin((2/0.075 s))sin( 2x/30.0.cm). 


b) v=Af =h/T = (30.0 cm)/(0.0750 s) = 4.00 ms. 
c) (0.850 cm)sin(2z(10.5 cm)/(30.0 cm)) = 0.688 cm. 


15.34: y y, =A [-cos(Kx + ect) + cos(kx — cot)) 
= A [-cos kxcos ot + sin kx sin cof + cos kx cos cof + sin kx sin wt] 
= 2 Asin kxsin wt. 


15.35: The wave equation is a linear equation, as it is linear in the derivatives, and 
differentiation is a linear operation. Specifically, 


Oy OQ t») -DD 
Ox ex Ox ox 


Repeating the differentiation to second order in both x and 7, 


ay a 89. ó J» Oty _ ay, ó e y» 


^ — c TERSU o! æ TEC 


The functions y, and y,are given as being solutions to the wave equation; that is, 


x a à or? y» Jat! 
sy 1 8*y, à y, 
"utet BE 


www.FreeLibros.me 


Rar R23. (=) 


andso y= y, +y, isa solution of Eq. (15.12). 
15.36: a) From Eq. (15.35), 


dd [FE _ 1 (S00 N)(0400 m) ane 
2L V m — 2(0.400m) ¥ (3.00x10? kg) 


b) FARE = 24.5, so the 24^ harmonic may be heard, but not the 25". 


15.37: a)In the fundamental mode, 
à =2£ =1.60 mand so v= fA = (50.0 Hz)(1.60 m) = 96.0 m/s. 


b) F — vu =v mj L= (96.0 m/sY (0.0400 kg)/(0.800 m) = 461 N. 


15.38: The ends of the stick are free, so they must be displacement antinodss. 
1* harmonic: 


bel 4 -4b-4üm 
2 


L-1., 23,7 L-2.0m 


Bex. apis E el an 
2 3 
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15.39: a) 


NA N AN AN 


b) Eq. (15.23) gives the general equation for a standing wave on a string: 
v(x,f)- CA, sin kx ) sinc 


A,,, 724,80 A= A4,/2 = (5.60 cm)/2 = 2.80cm 
c) The sketch in part (a) shows that £ — 3(4/2) 


k=2n/h, X - 2n/k 


Comparison of y(x,£) given in the problem to Eq.(15.28) gives 
k = 0.0340rad/cm. 


So, 4 = 2z/ (0.0340 rad/cm) = 184.8 cm 
L-3(,3)-277cm 

d) à —185cm, from part (c) 

c = 50.0 rad/s so f = w/2x = 7.96Hz 
period 7 =1/ f = 0.1265 

v= f & 21470 cm/s 


e) v, = dy/ dt = wd, sin kx cosct 
Vy max = OAgy 7 (50.0 rad/s(5.60 cm) = 280 cm/s 


f) f, = 7.96 Hz = 3 f so f, = 2.65Hz is the fundamental 
fe =8f -212Hz; c = Inf, =133 rad/s 


À — v f = (1470cm/s)/(21.2 Hz) = 69.3cm and k = 2z/À = 0.0906rad/cm. 
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y(x,t)= (5.60cm) sin([0.0906 rad/cm]x) sin ([133 rad/s]f) 


15.40: (a) A=} Aw = 1(444 mm)- 2.22 mm. (b) A = 2 = 7 = 0.193 m. 


(c)f -& - CEP -120Hz(d) v-2- 5725. = 23.2 m/s. (e) If the wave traveling in 
the +x direction is written as y, (x,t) = 44cos(kx — we), then the wave traveling in the 

— x direction is y;(x,2) =—Acos(k + wt), where 4 = 2.22 mm from (a), and k = 32.5 rad/m 
and œ = 754 rad/s. (f) The harmonic cannot be determined because the length of the 
string is not specified. 


15.41: a) The traveling wave is y(x,t) = (2.30 m)cos([6.98 rad/m]x) - [742 rad/s]t) 
A= 2.30 mm so 4, — 4.60mm; k= 6.98 rad/mand c = 742 rad/s 
The general equation for a standing wave is y(x,£) — (A sin kx) sin @t,so 
y(x,£) = (4.60 mm)sin([6.98 rad/m]x)sin([742 rad/s) 


b)Z —1.35 m(from Exercise 15.24) 

= 2zx/k = 0.900 m 

L = 3(./2),50 this is the 3" harmonic 

c) For this 3rd harmonic, f = «@/2x =118 Hz 
f, =3f so f, = (118 Hz)/3 = 39.3 Hz 


15.42: The condition that x = Z is a node becomes &,Z =x. The wave number and 
wavelength are related by k,À,, = 2z,and so X, = 2L n. 


15.43: a)The product of the frequency and the string length is a constant for a given 
string, equal to half of the wave speed, so to play a note with frequency 
587 Hz, x = (60.0cm) (440 Hz)/(587 Hz) - 45.0 cm. 


b) Lower frequency requires longer length of string free to vibrate. Full length of 
string gives 440 Hz, so this is the lowest note possible. 


15.44: a) (i)x=+% isa node, and there is no motion. (ii) x =* is an antinode, 

2 ose — . 
andva = A(2f) = 22fA, a, = (2nf Wy, 7 Ax. f. A. (iii)cos 5 = 3 and this factor 
multiplies the results of (ii), s0 vax — 42 få, ax 77 2 2n? f A . b) The amplitude is 


Asin kx, or (1)0, (i1)4, (iii) 4/ 42. c) The time between the extremes of the motion is the 
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same for any point on the string (although the period of the zero motion at a node might 
be considered indeterminate) and is i 


15.45: a) 4, 2217 3.00 m, f == ip =16.0Hz. 
b)A, =4,/3=1.00m, f, - 3f, =48.0Hz c)h, 2 4,/4 — 0.75 m, f, - 4 f, = 64.0 Hz. 


15.46: a) For the fundamental mode, the wavelength is twice the length of the string, 
and v= fA = 2/L = 2(245 Hz)(0.635 m) = 311 m/s. b) The frequency of the fundamental 
mode is proportional to the speed and hence to the square root of the tension; 

(245 Hz)41.01 = 246Hz. c)The frequency will be the same, 245 Hz. The wavelength 
will be A = v. / f = (344 m/s)/(245 Hz) 2 1.40 m, which is larger than the wavelength 
of standing wave on the string by a factor of the ration of the speeds. 


15.47: a) f —- v/ = (36.0 m/s)/(1.80 m) = 20.0 Hz, w = Inf =126 rad/s, 
k — cof v - 2n[ — 3.49 rad/m. 
b) y (x,£) = 4 cos (kx — wt) = (2.50 mm)cos (3.49 rad/m)x — (126 rad/s)¢ | 


c)At x= 0, y (0,2) = Acos ct = (2.50 mm) cos [(126 rad/sy] From this form it may be 
seen that at x — 0,£— 0,2 » 0. d) At x -1.35m — 34/4, kx = 37/2 and 
y(33/4,t)— A cos [32/2 — ct] 


e) See Exercise 15.12; w4 — 0.315 m/s. f) From the result of part 
(d) y= Omm. v, - 0.315 m/s. 


15.48: a)From comparison with Eq. (1 5.4), 4-0. 75cm, = LY m — 5.00 cm, 
f-125HzT =+ = 0.008008 andv — 4f = 6.25 m/s. 
b) 
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c) To stay with a wavefront as ¢ increases, x and so the wave is moving in the — x - 
direction. d) From Eq. (15.13), the tension is F = jo? = (0.50 kg/m) (6.25 m/s) 19.5 N. 


e) P, - LA uF? A? = 54.2 W. 


15.49: a) Speed in each segment isv = J F/j. The time to travel through a segment is 
t= L/v. The travel times then, are 7, = L,)4,t, = zs, and4 = L4|2-. Adding gives 


mnt E aui 1 j3 POSS y E] 
uL x TAE Sree c-3;L F 


b) No, because the tension is uniform throughout each piece. 


15.50: The amplitude given is not needed, it just ensures that the wave disaurbance is 
small. Both strings have the same tension F, and the same length Z = 1.5 m.The wave 


takes different times j and £, to travel along each string, so the design requirements is 
t, +t, = 0.20s.Using t= Z/vandv- JF/p — 4 FL/m 


gives (Jm + „m, N L/F = 0.205, with m, = 90x10 kg and m, 210x107 kg. Solving 
for F gives F — 6.0N. 


15.51: a) y(x,f)= Acos(Kx — wt) 
v, = dyj dt — -- Ac sin(kx — wt) 
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b) To double v, ma increase F by a factor of 4 


max 


15.52: The maximum vertical acceleration must be at least g. Because 
a- w^ A,g — c A, and thus A a = g/w’. Using w= 2nf = 2zv/À and v=4 Ffu, this 


gu 
becomes Anin = For 


15.53: a) See Exercise 15.10; a, = oy = —«*y, and so k' = Amc? = Axy o. 


b) o! = (2af f = (=) = = 


and so k’= (42°F /})Ax. The effective force constant &’ is independent of amplitude, as 
for a simple harmonic oscillator, and is proportional to the tension that provides the 
restoring force. The factor of 1/ i? indicates that the curvature of the string creates the 
restoring force on a segment of the string. More specifically, one factor of 1/4. is due to 
the curvature, and a factor of 1/(,«) represents the mass in one wavelength, which 
determines the frequency of the overall oscillation of the string. The mass Am = pAx 
also contains a factor of x, and so the effective spring constant per unit length is 
independent of x. 


15.54: a) b) 
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A 
wore 


1.002 


c) The displacement is a maximum when the term in parentheses in the denominator 
is zero; the denominator is the sum of two squares and is minimized when x = vf, and the 


maximum displacement is 4. At x= 4.50 cm, the displacement is a maximum at 
t= (4.50107 m)/(20.0 m/s) - 2.25107 s. The displacement will be half of the 
maximum when (x —v£)? = 47, orf=(x+ 4)/v-1.75x10? sand 2.75 x 10? s. 


d) Of the many ways to obtain the result, the method presented saves some algebra and 
minor calculus, relying on the chain rule for partial derivatives. Specifically, let 


; dgau dg. (of dgóu d 
u — u(x, f)- x— vi, so that if f Gt) giu) 2. — BS - Bang TE Tx 


(In this form it may be seen that any function of this form satisfies the wave equation; see 
Problem 15.59.) In this case, y(x,:) - 4^ (4^ 4 u^) !, and so 


óy | -24*u Oy _ 2A (A -3u°) 

& (Lr ax? (4 uy 
e. 249 Oy —24(4 —3u*) 
a — QUY or (4? 42°)? ° 


and so the given form for y(x,£) is a solution to the wave equation with speed v. 


15.55: a) and b) (1): The curve appears to be horizontal, and v, = 0. As the wave 
moves, the point will begin to move downward, and a, « 0. (2): As the wave moves in 
the + x -direction (to the right in Fig. (15.34)), the particle will move upward so v, > 0. 
The portion of the curve to the left of the point is steeper, so a, > 0. (3) The point is 
moving down, and will increase its speed as the wave moves; v, = 0, a, « 0. (4) The 
curve appears to be horizontal, and v, = 0. As the wave moves, the point will move away 
from the x -axis, and 2,70. (5) The point is moving downward, and will increase its 


speed as the wave moves; v, <0, a, « 0. (6) The particle is moving upward, but the curve 
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that represents the wave appears to have no curvature, so v, » 0 anda, —0. c) The 


accelerations, which are related to the curvatures, will not change. The transverse 
velocities will all change sign. 


15.56: (a)The wave travels a horizontal distance d in a time 


(b) À point on the string will travel a vertical distance of 44 each cycle. 
Although the transverse velocity v, (x,t) is not constant, a distance of à =8.00m 
corresponds to a whole number of cycles, 
n= hj (44) = (8.00 m)/ ((4(5.00 x 10” m)) = 400, so the amount of time 
ist =nT =n/ f — (400)/(40.0 Hz) - 10.0 s. 


(c ) The answer for (a ) is independent of amplitude. For (b), the time is halved if 
the amplitude is doubled. 


15.57: a) y! (x, y) - z(x, y) - A’ 
The trajectory is a circle of radius A. 
Att — 0, y(0,0) = 4, z (0,0) = 0. 
Att = z/2co, y(0,x/ 2c) = 0,2(0,2/2e) ^ — A. 
Att = ea, y(0, xc) = —A, (0, x/2c0) = 0. 
Att = 3n/2co, y(0,32/2ea) = 0, z(0,3x/2«0) — -- A 


b)v, =dy/dt = +40 sin(kx — wt),v, = dz/dt — —Ac cos(kx — wt) 
ws 45 + vi = Ae, so the speed is constant. 


F=yjtczk 


POP = yv, + zv, = A’ sin (kx — cot) cos(kx — cot) — A’ cos(kx — cot) sin(kx — wt) 


F-y—0,sov is tangent to the circular path. 
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€) a, = dv, [dt =—Aco’ cos(kx — wt),a, — dv, | dt = —4c sin(kx — wt) 
F -Â= ya, + za, - —A'c [cos (kx — cot) + sin (kx — oot)] - 4^" co" 
r=A,a= Aw’, soF-d——ra 


¥-a@=racos¢so@=180° anda is opposite in direction to F;a is radially 
inward. 

y^ 4 z? = A*, so the path is again circular, but the particle rotates in the 
opposite sense compared to part (a ). 


15.58: The speed of light is so large compared to the speed of sound that the travel time 
of the light from the lightning or the radio signal may be neglected. Them, the distance 
from the storm to the dorm is (344 m/s)(4.43s) 2 1523.92 m and the distance from the 
storm to the ballpark is (344 m/s)(3.00 s) 2 1032 m. The angle that the direction from the 


storm to the ballpark makes with the north direction is found from these distances using 
the law of cosines; 


j Ld - (1032 my — (1120 m)? 


— 90.075, 
— 2(1032 m) (1120 m) 


so the storm can be considered to be due west of the park. 


15.59: a) As time goes on, someone moving with the wave would need to move in such 
a way that the wave appears to have the same shape. If this motion can be described by 
x=vt+c, With c a constant (not the speed light),then p(x,¢)= f(c), 

and the waveform is the same to such observer. b) See Problem 15.54. The derivation is 
completed by taking the second partials, 


5 


y 1d'f &y d'f 
n 


ax? y! du?’ o du? 


so y(x,t)= f(1—x/v)isa solution to the wave equation with wave speed v. c) This is 
of the form y(x,t)= f(u), with u = £ — x/v and 


fu) D De 6 olo ; 
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and the result of part (b) may be used to determine the speed v — C/ B immediately. 


15.60: a) 


b) 2 — cAsin(lx — ot + $). c) No; ø = z/Aor $ = 3x/Awould both give 4/42. If the 
particle is known to be moving downward, the result of part b) shows that 
cos ó « 0, and so ó — 37/4. d) To identify óuniquely, the quadrant in which ø is must be 
known. In physical terms, the signs of both the position and velocity, and the magnitude 
of either, are necessary to determine ø (within additive multiples of 2 ). 


15.61: a)y uF =F J u/F = F/v=F k/e and substituting this into Eq. (15.33) gives the 
result. 


b) Quadrupling the tension for F to F' — 4F increases the speed v=,/F/ bya 
factor of 2, so the new frequency c'and new wave number X' are related to 


co and k by (c'/k") = 2(c/k). For the average power to be the same, we must have 
Fko = F'o',so ko = Ak'o' and k'o' = keo/4 . 
Multiplying the first and second equations together gives 
co = qw f2, so c = cof 42. 


Thus, the frequency must decrease by a factor of 42. Dividing the second equation by 
the first equation gives 


k^ — k*/8, so k' - kj 48. 


15.62: (a) 
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(b) The wave moves in the + x direction with speed v, so in the expression for 
y(x,0) replace x with x —v£: 


0 for (x—-w)«-L 

h(L- x vt) /Lfor -L « (x —vt) <0 
BO E Odin WEL 

0 for (x—-w)»L 


(c) From Eq. (15.21): 


- F(0)(0)= 0 for(x— vt) « —L 
Oy(x,t) Ov(x,t) |- FO DC hv[L) = Fw(h] LY for- L < (xvf) «0 
P(x,t) - -F De) E 
Gx — 0t — |- F(- b LYhv/L) - Folh LY for 0«(x—wvi) «L 
- #(0)(0) = 0 M (ow 


Thus the instantaneous power is zero except for — L < (x — vt) « L, where it has the 
constant value Fv(2/ ŁY. 


15.63: a) B, - 3A uF co^ 4^ 


Wc ERE dà AB ofp 


co = Inf = 2n(v/A) 


Using these two expressions to replace VF anda gives 
P. - 2un^vV A! | 3; u= (6.00107 ke)/(8.00 m) 
4 -| 24 Pe i = 7.07 cm 
drv u 
b) B, ^ v^ so doubling v increases P, bya factor of 8. 
P, =8(50.0 W) = 400.0 W 
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15.64: a),d) 


b)The power is a maximum where the displacement is zero, and the power is a 
minimum of zero when the magnitude of the displacement is a maximum. c) The 
direction of the energy flow is always in the same direction. d) In this case, 

2 = —k4Á sin(kx + cot), and so Eq. (15.22) becomes 
P(x,t) =—FkoA’sin® (kx + wt). 
The power is now negative (energy flows in the — x -direction), but the qualitative 


relations of part (b) are unchanged. 


15.65: ee 5 i 
E 


Solving for a, 
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D. 2 CIN 
M — "Va AN — Y 


t= = . 
Y(AwAaT  (Y/p)AT 
15.66: (a) The string vibrates through 1/2cycle in 4x zx; min, so 


Ehe. P oui —T -1.6x10?^min 29.6x10 s 
2 5000 


f -AT =1/9.6x 10's — 10.4 Hz 
A-—L-50.0cm = 0.50m 
(b) Second harmonic 
(c) v= f. = (10.4 Hz)(0.50 m) = 5.2 m/s 
(d) (i)Maximum displacement, so v — 0 (ii) v, — E = $ (1.5cmsin kx sin œt) 
Speed = bl = c(1.5 em)sinkxsin cof 
at maximum speed, sin kx = sin ci =] 
A = w(1.5cm) = 2xf (1.5 cm) = 2z(10.4 Hz(1.5cm) 
= 98 cm/s = 0.98 m/s 


()v- 4F/u > p= Fly 
F , (1.00N)(0.500m) 


M-guL--—L -21.85x10 k: 
pe (52 m/s. CN 


-18.5g 


15.67: There is a node at the post and there must be a node at the clothespin. There 
could be additional nodes in between. The distance between adjacent nodes is 4/2, so 


the distance between any two nodes is» (4/2) for n 21,2,3,... 
45.0cm = n(A/2), X.— v/ f, so 
f = n[v/ (90.0cm)] = (0.800 Hzyr, 2 — 1,2, 3,... 
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15.68: (a) The displacement of the string at any point is y(x,t) = (4,,, sin kx) sin ox. For 
the fundamental mode 4,= 22, so at the midpoint of the string 

sinkx = sin(2x/4)(£/2)=1, and 

y 7 4,,, sin@t. Taking derivatives gives v, = E = wA,,, coset, with maximum value 
Vimar = OAgy and a, = 52 = -o° Ay sin ot, with maximum value a, may = c^ 4; 

Dividing these gives 

€ = Q, as | Vy = (8-40 10° m/'s*)/(3.80 m/s) = 2.21x 10* rad/s, and then 

Aggy m Y,a / €) = (3.80m/s)/ (2.21 10° rad/s) =1.72 x10" m 


(b) v= Af = (2L)(e@/ 2x) = Lez = (0.386 m)(2.21x 105 rad/s)/z = 272 m/s. 


15.69: a) To show this relationship is valid, take the second time derivative: 


Oy(xt) o 
E ag sw sin kx)coscot], 
2 
ð ven — p EAT sin kx)sinco] 
o eet LM -o° (A, sin kx) coscat | 
& y(x,t) 


=-w' y(x, t), Q.E.D. 


The displacement of the harmonic oscillator is periodic in both time and space. 


b) Yes, the travelling wave is also a solution of the wave equation. 


15.70: a) The wave moving to the left is inverted and reflected; the reflection means that 
the wave moving to the left is the same function of — x, and the inversion means that the 


function is— f(-x). More rigorously, the wave moving to the left in Fig. (15.17) is 
obtained from the wave moving to the right by a rotation of 180? , so both the coordinates 
(f and x)have their signs changed. b). The wave that is the sum is f(x)— f(—x) (an 
inherently odd function), and for any f,f(0)— f#(-0)=0. c) The wave is reflected but 


not inverted (see the discussion in part (a) above), so the wave moving to the left in Fig. 
(15.18) is + f(—x). 


Lo 2 (6 joo LO. LED Pe), dcn) dc 
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df df 


dx dx 


que 


At x= Q, the terms are the same and the derivatives is zero. (See Exercise 20-2 for a 
situation where the derivative of fis not finite, so the string is not always horizontal at the 
boundary.) 


15.71: a)  y(x,t)= y Q2) - ys (st) 
= Alcos(kx + t) + cos(kx —wt)| 
= Alcoscotcos kx — sincofsin kx + cos cot Cos kx + sin cof sin kx] 
— (2A) cosctcos kx. 
b)At x — 0, y(0,7) - (24)cosct, and so x = 0 is an antinode. c) The maximum 
displacement is, front part (b), A, = 2.4, the maximum speed is wA,,, = 2co4 and the 
magnitude of the maximum acceleration is co^ A, = 20° A. 


15.72: a) à — v/ f — (192.0 m/s)/(240.0 Hz) = 0.800 m, and the wave amplitude is 
Ag, — 0.400cm. The amplitude of the motion at the given points is (i) 

(0.400 cm)sin (x) = 0 (a node), (ii) (0.400 cm)sin(z/2) = 0.004 cm (an antinode) 
and (iii) (0.400 cm)sin(z/4) — 0.283cm. b). The time is half of the period, or 
1(2f)-2.08x10?s. c) In each case, the maximum velocity is the amplitude 
multiplied by c = 2zf and the maximum acceleration is the amplitude multiplied by 
c^ — 4x? f^, or (i) 0,0; (ii) 6.03 m/s, 9.10 10° m/s^; (iii) 4.27 m/s, 6.43 x 10 m/s?. 


15.73: The plank is oscillating in its fundamental mode, soi = 27, = 10.0 m,with a 
frequency of 2.00 Hz. a)v— fA = 20.0 m/s. b) The plank would be its first overtone, 
with twice the frequency, or 4 jumps/s. 


15.74: (a) The breaking stress is -5 = 7.0 10" N/m?,and the maximum tension is 
F = 900 N, so solving for r gives the minimum radius r = = = 6.4107 m. 
The mass and density are fixed, p= S so the minimum radius gives the maximum 


EN -S 40x10^ ke x 
length L E zr'p Jg z(64x107* m)' (7800 kejo’) 0.40 Hn 


(b) The fundamental frequency is /, = E =z iar Assuming the 
maximum length of the string is free to vibrate, the highest fundamental frequency occurs 


when F =900N, f, ESAME I - 376 Hz. 
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15.75: a) The fundamental has nodes only at the ends, x= Oand x 2 Z. b)For the 
second harmonic, the wavelength is the length of the string, and the nodes are at 
x—0;x-1/2and x=. 


c) 


x 
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d) No; no part of the string except for x = £/2, oscillates with a single frequency. 


15.76: 


a) The new tension F'in the wire is 


d 
Pa 3 pa 


— f, 0.00x10 kg/m?) | - T 
ae ONO ky ai) = (0.8765)w = (0.87645)F. 


The frequency will be proportional to the square root of the tension, and so 
f'- (200 Hz)v 0.8765 =187 Hz. 


b) The water does not offer much resistance to the transverse waves in the wire, 
and hencethe node will be located a the point where the wire attaches to the sculpture and 
not at the surface of the water. 


15.77: a) Solving Eq. (15.35) for the tension F, 
F - AE fé y =4mLf? =404.4«10" ke)(0.600 m)(65.4 Hz)? 2148 N, 


b) The tension must increase by a factor of (34)? , and the percent increase is 
(73.4/65.4)* —1 = 26.0%. 


15.78: a) Consider the derivation of the speed of a longitudinal wave in Section 16.2. 
Instead of the bulk modulus 8, the quantity of interest is the change in force per fractional 
length change. The force constant $“ is the change in force force per length change, so 
the force change per fractional length change is kZ, the applied force at one end is 


F = (kL), /v) and the longitudinal impulse when this force is applied for a time ¢ is 
KLtv, /v. The change in longitudinal momentum is ((vt)m/Z)v, and equating the 
expressions, canceling a factor of ; and solving for v givesv’ = Z^ k'/m. 

An equivalent method is to use the result of Problem 11.82(a), which relates the 


force constant. k and ihe “Young's modulus" of the Slinky ™ , k’= YA/L,or Y = k'L/ A. 
The mass density is p = m/(AL), and Eq. (16.8) gives the result immediately. 
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b) (2.00 m) /(1.50 N/m)/(0.250 kg) = 4.90 m/s. 


b) 2 = wA sin(kx — c1) and so 
uy = 5 po’ A’ sin? (Kx — ot). 
c) The piece has width Ax and height Ax, and so the length of the piece is 


or (oa) fa) 


ya 


where the relation given in the hint has been used. 


i(*yl. ? 
a „reigi a ip aj 

Ax 2 l& 
e) 2 = —k4sin(kx — wt), and so 


u,- Bea sin" (kx — ct) 
and f) comparison with the result of part (c)with k^ = o^ /v^ = w* p/ F, shows that for a 


sinusoidal wave 4, = UV 


(f. 


p: B)nthis graph, u, andu, coincide, as shown in part 
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At y — 0, the string is stretched the most, and is moving the fastest, so s, and u, are 


maximized. At the extremes of y, the string is unstretched and is not moving, so 
uy audu, are both at their minimun of zero. 


h) u, +u, = Fk^ A "cos (rt— kx) = Fk(ca/v) A’ cos’ (rot — kx) = E 
y 


The energy density travels with the wave, and the rate at which the energy is transported 
is the product of the density per unit length and the speed. 


15.80: a) The tension is the difference between the diver’s weight and the buoyant force, 
F —- (m— p, V )g = (120 kg — (1000 kg/m?)(0.0800 m*)(9.80 m/s?)) = 392 N. 


b) The increase in tension will be the weight of the cable between the diver and the point 
at x, minus the buoyant force. This increase in tension is then 


(ux — p( Ax))g = (1.10 kg /m— (1000 kg/m? yz(1.00 107 m)?)(9.80 ra/s^)x 
= (7.70 N/m)x 
The tension as a function of x is then F(x) -(392 N)-- (7.70 N/m)x. c) Denote the 
tension as F(x)— F, + ax, where F, = 392N and a = 7.70 N/m. Then, the speed of 


transverse waves as a function of x is v = “= J(F, + ax )/p and the time ż 


needed for a wave to reach the surface is found from 
ts fies Z [SE as 
dx/dt "JF, ax 


Let the length of the cable be Z, so 
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de o Rr 
- (fx car - JR) 


- 2x10 kg/m | BIN (70 N/myx100m) — 4392 N) = 3.985. 


7.70 N/m 


15.81: The tension in the rope will vary with radius r. The tension at a distance r from 
the center must supply the force to keep the mass of the rope that is further out than r 
accelerating inward. The mass of this piece in m4 *,and its center of mass moves in a 


circle of radius +", and so 


bar] [Lr] mats 
r)- [m e] = |- ;; 


An equivalent method is to consider the net force on a piece of the rope with length dr 
and mass dm = dr ni The tension must vary in such a way that 


T(r)- T(r + dr) » —eX rdm, or © = (mo^ | Dyr dr. This is integrated to obtained 
T(r)  -(mo^ [2L +C, bs C is a constant of integration. The tension must vanish 


at r = L, from which C = (me^ Lj 2)and the previous result is obtained. 
The speed of propagation as a function of distance is 


dr FO. [2-277 
d H m X2 s ° 


where “>0 has been chosen for a wave traveling from the center to the edge. 
Separating variables and integrating, the P- tis 


The integral may be found in a table, or in ae B. The integral is done explicitly by 
letting r = LsinG, dr = Lcos8 dé, VvE -r = Lcos8, so that 


ne arcsin—, 


T 


E MITES 
m ctm adf 


ia - 


and 


15.82: a) = kA, coskx sincoz, È = Áy osinkx coset, and so the instantaneous 
power is 
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P= FA ck(sin kxcoskx)(sin wtcos ct) 
= ns cok sin(2kx)sin(2ct). 

b) The average value of P is proportional to the average value of sin(2e), and the 
average of the sine function is zero; P, — 0. c) The waveform is the solid line, and the 
power is the dashed line. At time ¢ = z/2co, y =O and P — 0 and the graphs coincide. d) 
When the standing wave is at its maximum displacement at all points, all of the energy is 
potential, and is concentrated at the places where the slope is steepest (the nodes). When 
the standing wave has zero displacement, all of the energy is kinetic, concentrated where 
the particles are moving the fastest (the antinodes). Thus, the energy must be transferred 
from the nodes to the antinodes, and back again, twice in each cycle. Note that | P |is 


greatest midway between adjacent nodes and antinodes, and that P vanishes at the nodes 
and antinodes. 


15.83: a) Fora string, f. 


for F gives F = 4E f’. Note that p = zr? p, 
sog = z(.203x 10? m)*(7800 kg /m^) 21.0110? kg/m. Substituting values, 


= #5 and in this case, n —1. Rearranging this and solving 


F = (1.01x107 kg/m)4(.635 m) (247.0 Hz)" = 99.4 N. 
b) To find the fractional change in the frequency we must take the ration of Af to f : 
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c) From Section 17.4, AF =- Ya AAT, so 
AF = -(2.00x 10" Pa fi .20x 107/c9)« (x(.203 x10? m) y01?C) 2 3.4 N. Then, A F/F = 
— 0.034, A f / f — —0.017,and finally, Af = —4.2Hz,or the pitch falls. This also explains 
the constant the constant tuning in the string sections of symphonic orchestras. 
16.1: a)  — v/ f = (344 m/s)/(100 Hz) = 0.344m. b) if p >1000p,, then 4 > 
1000 4, Therefore, the amplitude is 1.2x10 ^ m. — c)Since p,,, = B4, increasing p u 
while keeping 4 constant requires decreasing k, and increasing x, by the same factor. 
Therefore the new wavelength is (0.688 m)(20)= 6.9 m, f£... = me = 50Hz. 


69m 


: m SEM (30x107? Pa) (1480 m/s) ies -12 : 
16.3: A=— = detiI endi)" or 4 —3.21x10 * m. The much higher bulk modulus 


increases both the needed pressure amplitude and the speed, but the speed is proportional 
to the square root of the bulk modulus. The overall effect is that for such a large bulk 
modulus, large pressure amplitudes are needed to produce a given displacement. 


16.3: From Eq. (16.5), p... = Bkd = 2x BAJA. = 2x BA f | v. 

a) 2z(1.42 10° Pa) (2.00x 10? m)(150 Hz)/(344 m/s)= 7.78 Pa. 

b) 10x 7.78 Pa = 77.8Pa. c)100 x 7.78 Pa = 778 Pa. 

The amplitude at 1500 Hz exceeds the pain threshold, and at 15,000 Hz the sound 
would be unbearable. 


16.4: The values from Example 16.8 are B = 3.16x10* Pa, f — 1000 Hz, 
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4-1.2x10* m. Using Example 16.5, v — 344 m/s4/215€ = 295 m/s, so the pressure 


amplitude of this wave is p,,, = Bk4— B uf dis (3.16x 10* Pa). 


v 


2n(1000Hz) 
295 m/s 


times smaller than the pressure amplitude at sea level (Example 16-1), so pressure 
amplitude decreases with altitude for constant frequency and displacement amplitude. 


(1.2x10* m) 2 8.1x10 ? Pa. This is (8.110? Pa)/ (3.0 107 Pa) = 0.27 


16.5: a) Using Equation (16.7), B = v?p = Af Y ,so B = [(8 my(400/s)] ^» 
(1300 kg/m?) — 1.33 x10? Pa. 

b) Using Equation (16.8), Y =v’p - (L/t p = [a.s m)/(3.9 x10 * s | i 
x (6400 kg/m’) =9.47 x10" Pa. 


16.6: a) The time for the wave to travel to Caracas was 9 min 39 s — 579 s and the 
speed was 1.085x10* m/s (keeping an extra figure). Similarly, the time for the wave to 
travel to Kevo was 680 s for a speed of 1.278 10^ m/s, and the time to travel to Vienna 
was 767 s for a speed of 1.258 x10 m/s. The average speed for these three 
measurements is 1.21» 10* m/s. Due to variations in density, or reflections (a subject 
addressed in later chapters), not all waves travel in straight lines with constant speeds. 

b) From Eq. (16.7), B = v! p, and using the given value of p = 3.3x10? kg/m? and the 
speeds found in part (a), the values for the bulk modulus are, respectively, 

3.910" Pa, 5.4x 10! Pa and 5.210" Pa. These are larger, by a factor of 2 or 3, than 
the largest values in Table (11-1). 


16.7: Use v 


water 


= 1482 m/s at 20°C, as given in Table (1 6.1) The sound wave travels 
in water for the same time as the wave travels a distance 22.0m—1.20 m= 20.8 m in air, 
and so the depth of the diver is 


(20.8 m) 2 = (20,8 m) 482 BS _ 99 6m 


Ya 344 m/s 


This is the depth of the diver; the distance from the horn is 90.8 m. 


16.8: a) b) c) Using Eq. (16.1 0| 


ia NE (8.3145 J/mol-K )(300.15K ) are 


2.02 x 10^ kg/mol 
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ue (1.67 Suse (300.15K = 1.0210" m/s 
. 4.00» 10” kg/mol 


(1.67)(8.3145 J/mol- K )(300.15 K 


= = 323 m/s. 
"x (29.9107 kg/mol) / 


d) Repeating the calculation of Example 16.5 at T = 300.15 K. gives v,, — 348 m/s, and 
S0 Vy, 23.80 v, v, = 2.94 v,;, and vs, = 0.928 v... 


16.9: Solving Eq. (16.10) for the temperature, 


(28.8 x 10? ke/mon (552 Eme) E 


XR (1.40)(8.3145 J/mol- K) 


or — 82°C. b) See the results of Problem 18.88, the variation of atmospheric pressure 
with altitude, assuming a non-constant temperature. If we know the altitude we can use 
Mg 


ay (is) 
the result of Problem 18.88, p= p,|1— T . Since T — T, — ay, 


0 
for T - 191K, a —.6x10 ^ ?C/m,and 7, = 273K, y= 13,667 m (44,840ft). Although a 


very high altitude for commercial aircraft, some military aircraft fly this high. This result 
assumes a uniform decrease in temperature that is solely due to the increasing altitude. 
Then, if we use this altitude, the pressure can be found: 


a See 
p f (6x10 ^ C/m) (13,667 =) (8.315 /mal E 6»10 Chim 
P = a — ——————— 


3 


273K 


and p-—p,(70) ^ =.13p,, or about .13 atm. Using an altitude of 13,667 m in the 
equation derived in Example 18.4 gives p —.18p,, which overestimates the pressure due 
to the assumption of an isothermal atmosphere. 


16.10: Asin Example 16 - 5, with 7 = 21°C = 294.15 K, 


T — [046.3145 J/mol- KY294.15K) 


= 344.80 m/s. 
28.8 x10? kg/mol ii 


The same calculation with 7 = 283.15K gives 344.22 m/s, so the increase is 0.58 m/s. 
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16.11: Table 16.1 suggests that the speed of longitudinal waves in brass is much higher 
than in air, and so the sound that travels through the metal arrives first. The time 
difference is 


16.12: (1.40)(8.3145 J/mol-K)(300.15K) _ [(01.40)(8.3145 J/mol-K)(260.15 K) 
"em (28.8 x 10? kg/mol) (28.8 x10? kg/mol) 
= 24 m/s. 


(The result is known to only two figures, being the difference of quantities known to 
three figures.) 


16.13: The mass per unit length 4 is related to the density (assumed uniform) and the 
cross-section area A by u = Ap, so combining Eq. (15.13) and Eq. (16.8) with the given 
relations between the speeds, 


Y F Y 
—2900—— so F/4-2 —- 
p Ap 900 
10 3 
1614: a) I _ 4110x107 Pa)/(8.9x10* kg/m’) Las 


220Hz 
b) Solving for i NM A (as opposed to the area a = zr?) in terms of the average 
power P, =a, 
(2P, QB, /a) a) 
pYo* 
2(6.50x |. 2(6.50«10 7) W)/(x(0.800x10^ my) — — 800x107? my) 


Ve. 9x10 kg/m Y11.0x10" Pa) (2z(220 Hz)? 


€) wA=2n f A= 21(220Hz)y3.289 x10? m) 2 4.55x 10 m/s. 


A= 


= 3.29x10' m 


16.15: a) See Exercise 16.14. The amplitude is 
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-6 
2(3.00x 10? W/m’) ee n 
Ya 000 ke /m^)(2.18 x 10° Pa)(2x (3400 Hz) 


The wavelength is 


9 
z-e, _ „(2.18x10° Pa)/(1000 kg/m?) Pa)/(1000 kg/m?) m 


3400 Hz 


b) Repeating the above with B = yp —1.40x 10? Pa and the density of air gives 


4 —5.66x10? mand 4 —0.100m. c) The amplitude is larger in air, by a factor of about 
60. For a given frequency, the much less dense air molecules must have a larger 
amplitude to transfer the same amount of energy. 


16.16: From Eq. (16.13), I - pl, [2B, and from Eq. (19.21), v^ = B/ p. Using 


Eq. (16.7) to eliminate v,Z = (sz )p2,, [28 = p), [24 pB. Using Eq. (16.7) to 
eliminate B, J = vp? /2(v p) = Pin /2pv. 


1617: a) p.,. = BkA= Zea ase oh 95Pa. 
b) From Eq. (16.14), 

I= p.,/2pv=(1.95Pa)’ /(2x (1.2 kg/m^ 344 m/s)) = 4.58 10° W/m’. 
c) 10x log (5:87 )- 96.6 dB. 


16.18: (a) The sound level is 
£ = (10dB) log +, so £ = (10dB) ap EE. or f 57 dB. 
b) First find v, the speed of sound at 20.0?C, from Table 16.1, v — 344 m/s. 
The density of air at that temperature is 1.20 kg / m°. Using Equation (16.14), 
ds (0.150 N/m’) 
— 2pv 2(120kg/m^y(344 m/s) 
2.73x105 W/m? 
10 7 W/m? 


or J —2.73x10? W/m’. Using this in Equation 


(16.15), & = (10 dB) log ,or 8 = 74A4dB. 
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16.19: a) As in Example 16.6, I= Sa =4.4x10"? W/m’. £ - 640dB. 


16.20: a)10xlog (4z)= 6.0 dB. b) The number must be multiplied by four, for an 
increase of 12 kids. 


16.21: Mom is five times further away than Dad, and so the intensity she hears is 
= 5~ of the intensity that he hears, and the difference in sound intensity levels is 
10x log(25) =14dB. 


16.22: 
A(Sound level) = 75 dB — 90dB = —25dB 


A(Sound level) =10 log -10 log% = 10 log + 
Therefore 

— 25dB =10log+ 

2--1075 =3.2x10 


16.23: f= (0dB)log=, or13dB - (1 OdB)log =. Thus, IjI, — 20.0, or the intensity has 
increased a factor of 20.0. 


16.24: Open Pipe: 


1 === 
fi 594Hz 
Closed at one end: 
A =4L=— 
$ 
Taking ratios: 
2L * v/594 Hz 
AL vif 
f= “> = 297 Hz 
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16.25: a) Refer to Fig. (16.18). i) The fundamental has a displacement node at 
£ — 0.600 m, the first overtone mode has displacement nodes at + = 0.300 m 
and 2 = 0.900 m and the second overtone mode has displacement nodes at 
£ — 0.200 m, $ = 0.600 m and # —1.000 m. ii) Fundamental: 0, Z — 1.200 m. First :0, 
+ = 0.600 m, L = 1.200 m. Hei : 0,4 = 0.400 m, £& = 0.800 m, Z = 1.200 m. 


b) Refer to Fig. (16.19); distances are measured from the right end of the pipe in 
the figure. Pressure nodes at: Fundamental: £ — 1.200 m. First overtone: 
£/3= 0.400 m, £ — 1.200 m. Second overtone: £/5 = 0.240 m, 


3L/5— 0.720 m, L — 1.200 m. Displacement nodes at Fundamental: 0. First 
overtone: 0, 27/3 = 0.800 m. Second overtone: 0, 25/5 — 0.480 m, 4£/5— 0.960 m 


16.26: a) f == -382Hz, 2f = 764Hz, f, - 3f, - 1147 Hz, 

f, =4f =1529 Hz. 
b) f, =7=191Hz, fi = 3f, - 573Hz, f; =5f - 956 Hz, f, = 7f =1338 Hz. Note that 
the symbol * f; ” denotes different frequencies in the two parts. The frequencies are not 


always exact multiples of the fundamental, due to roundins. 
c) Open: = = 52.3, so the 52" harmonic is heard. Stopped; et — 104.7, so 103 rd 


highest "m heard. 


16.27: f SS -506Hz, f, = 3f, - 1517 Hz, f, 5f, = 2529 Hz. 


16.28: a) The fundamental frequency is proportional to the square root of the ratio = 
(see Eq. (16.10)), so 


"- [he Mas [SRL SER, 
fe fs -— a (262 Hz) Cm Xm 767 Hz, 


b) No; for a fixed wavelength , the frequency is proportional to the speed of sound in 
the gas. 


16.29: a) Fora stopped pipe, the wavelength of the fundamental standing wave is 
4L — 0.56 m, and so the frequency is f, = (344 m/s)/(0.56 m)-0.614 kHz. b) The length 


of the column is half of the original length, and so the frequency of the fundamental 
mode is twice the result of part (a), or 1.23 kHz. 
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16.30: For a string fixed at both ends, Equation (15.33) f, ==, is useful. It is 


mar Te) 
UL 


MH ? 


important to remember the second overtone is the third harmonic. Solving for v, v= 
and inserting the data, v — PAUSE, and v — 249 m/s. 


16.31: a) For constructive interference, the path difference d = 2.00 m must be equal to 
an integer multiple of the wavelength, so A, — d/n, 


$ mre. »(172 Hz) 
d) 200m 


Therefore, the lowest frequency is 172 Hz. 
b) Repeating the above with the path difference an odd multiple of half a 
wavelength, f, — (n + 1%172 Hz) Therefore, the lowest frequency is 86 Hz (n= 0) 


16.32: The difference in path length is Ax = (L— x)- x—-L-2xorx-(L- Ax J2. For 
destructive interference, Ax = (7 + (1/2) and for constructive interference, Ax = nà. The 
wavelength is X = v/ f = (844 m/s]/(206 Hz) 21.670 m (keeping an extra figure), and so 
to haye Oz x € L,—4 En <3 for destructive interference and — 4 € n € 4 for constructive 
interference. Note that neither speaker is at a point of constructive or destructive 


interference. 

a) The points of destructive interference would be at x = 0.58 m, 1.42 m. 

b) Constructive interference would be at the points x — 0.17 m, 1.00 m, 1.83 m. 

c) The positions are very sensitive to frequency, the amplitudes of the waves will not 
be the same (except possibly at the middle), and exact cancellation at any frequency is 
not likely. Also, treatine the speakers as point sources is a poor approximation for these 
dimensions, and sound reaches these points after reflecting from the walls , ceiling, and 
floor. 


16.33: \=v/f = (344 m/s)/(688 Hz) - 0.500 m 

To move from constructive interference to destructive interference, the path 
difference must change by },2.If you move a distance x toward speaker B, the distance 
to B gets shorter by x and the difference to A gets longer by x so the path difference 


changes by 2x. 
2x = A/2and x = 3/4— 0.125 m 


16.34: Weare to assume v — 344 m/s, so X= v/ f = (344 m/s (172 Hz) - 2.00 m. If 

r, — 8.00 and r, are the distances of the person from each speaker, the condition for 

destructive interference is r, — r; = (n + Ly, where » is any integer. Requiring 
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r7 ru) (n1) »0 gives n4+4>—-r,/4=—(8.00 my(2.00 m)- —4, so the smallest 
value of r, occurs when » = —4, and the closest distance to B is 
r, = 8.00 m+ (-4+ +X2.00 m)- 1.00 m. 


16.35: X — v/ f = (344 m/s (860 Hz )- 0.400 m 
The path difference is 13.4 m - 12.0m — 1.4 m. 
path difference _ 


À 
The path difference is a half-integer number of wavelengths, so the interference is 
destructive. 


3.5 


16.36: a)Since foa = f, — fp the possible frequencies are 440.0 Hz 41.5 Hz = 
438.5Hzor441.5 Hz b) The tension is proportional to the square of the frequency. 
Therefore T «c f^ and AT «c 2 ff. So 4£ = jj ar = 0999 — 682107. 


440 Hz 
ii) 47 = 20538)... 685197 


16.37: a) A frequency of i( 08 Hz+ 112 Hz)- 110 Hz will be heard, with a beat 
frequency of 112 Hz-108 Hz = 4 beats per second. b) The maximum amplitude is the 
sum of the amplitudes of the individual waves, 2(1.5» 107 m)= 3.010" m. The 
minimum amplitude is the difference, zero. 


16.38: Solving Eq. (16.17) for v. with v, = 0, gives 


$ 1240 Hz 

S| only: =775 m/s, 

A-F. 3 200Hz-1240Hz iii 

or 780 m/s to two figures (the difference in frequency is known to only two figures). 


Note that v, < 0, since the source is moving toward the listener. 


y= 


16.39: Redoing the calculation with +20.0 m/s for v, and — 20.0 m/s for v, gives 267 
Hz. 


16.40: a)From Eq. (16.17), with v, = 0, v, =—15.0 m/s, f; =375 Hz. 
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b) With v, 235.0 m/s, v, 215.0 m/s, f; - 371Hz. 
c) f;— f; - AHz (keeping an extra figurein f;). The difference between the 
frequencies is known to only one figure. 


16.41: Interms of wavelength, Eq. (16.29) is 


vty 
a) x = 0, vy = —25.0 mand 4, = (22) (344 m/s)/(400 Hz)= 0.798 m. This is, of 


course, the same result as obtained directly from Eq. (16.27). 
Vg = 25.0 m/s and v, = (369 m/s)/(400 Hz)= 0.922 m. The frequencies corresponding to 


these wavelengths are c)431 Hzand d) 373 Hz. 


16.42: a) In terms of the period of the source, Eq. (16.27) becomes 


Needle om 
1.65 


S 


- 0.25 m/s. 


b) Using the result of part (a) in Eq. (16.18), or solving Eq. (16.27) for v, and 
substituting into Eq. (16.28) (making sure to distinguish the symbols for the different 
wavelengths) gives À — 0.91m. 


1643: f= [n us js 


TE Vg 
a) The direction from the listener to source is positive, so v, =—v/2andv, =0. 


pe (— a 2f, = 2.00 kHz 
b) y = 0, y =4+v/2 
i= (ny 3 f, =1.50 kHz 


This is less than the answer in part (a). 
The waves travel in air and what matters is the velocity of the listener or source 
relative to the air, not relative to each other. 


16.44: Fora stationary source, v; =0,s0 f, = v A f= (+v /v) P 
which gives v, = (4 — 1)- (344 m/s 2 — 1)- -19.8 mvs, 
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This is negative because the listener is moving away from the source. 


16.45: a) v, - 18.0 m/s, v, = —30.0 m/s, and. Eq. (16.29)gives f. = (352 Y262 Hz) 
=302Hz. b)v, = —18.0 m/s, v, - 30.0 m/sand f, = 228 Hz. 


16.46: a) In Eq. (16.31), v/v, =1/1.70 = 0.588 and «= arcsin(0.588) = 36.0°. 
b) As in Example1 6.20, 
(950 m) 


= 0.70) 44 m/s) (tan3609)) ^^. 


16.47: a) Mathematically, the waves given by Eq. (16.1) and Eq. (16.4) are out of 
phase. Physically, at a displacement node, the air is most compressed or rarefied on either 
side of the node, and the pressure gradient is zero. Thus, displacement nodes are pressure 
antinodes. b) (This is the same as Fig. (16.3).) The solid curve is the pressure and the 
dashed curve is the displacement. 


c) 
PA 


[i 


Y 


The pressure amplitude is not the same. The pressure gradient is either zero or 
undefined. Àt the places where the pressure gradient is undefined mathematically (the 
“cusps” of the y -x plot), the particles go from moving at uniform speed in one direction 
to moving at the same speed in the other direction. In the limit that Fig. (16.43) is an 
accurate depiction, this would happen in a vanishing small time, hence requiring a very 
large force, which would result from a very large pressure gradient. — d) The statement is 
true, but incomplete. The pressure is indeed greatest where the displacement is zero, but 
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the pressure is equal to its largest value at points other than those where the displacement 
is zero. 


16.48: The altitude of the plane when it passes over the end of the runway is 
(1740 m — 1200 m)tan15? —145 m, and so the sound intensity is Vd .45)? of what the 
intensity would be at 100 m. The intensity level is then 


100.0 dB — 10» log |(1.45)? |= 96.8dB, 


so the airliner is not in violation of the ordinance. 


16.49: a) Combining Eq. (16.14) and Eq. (16.15), 


Pag = Devi, 10909 = [20.20 kg/m 344 m/sY(107* W/m? 10°” 


71.144 x10? Pa, 


or =1.14x107 Pa, to three figures. b) From Eq. (16.5), and as in Example 16.1, 


= me Pm s = 7,51x10? m. 
Bk = B2nf  2x(142x10 Pa)(587 Hz) 


c) The distance is proportional to the reciprocal of the square root of the intensity, and 
hence to 10 raised to half of the sound intensity levels divided by 10. Specifically, 


(5.00 m)109 7-9? = 65 9 m. 


16.50: a) p- I4 — 110/7999 4, (100x107? W/m? 1090.20 m^) 
-3.79x107 W. 


16.51: For the flute, the fundamental frequency is 


[^ v 2 3 440m/s — 800.0 Hz 
AL 4(0.1075 m) 


For the flute and string to be in resonance, 
"Qf = "fis where fj, = 600.0 Hz is the fundamental frequency for the string. 


He = Hp G4 = $M, 
n, isan integer when n, = 3N, N =1,3,5...(the flute has only odd harmonics) 
n, =3N givesn, = AN 
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Flute harmonic 3N resonates with string harmonic 4N, N — 1,3,5,... 


16.52: (a) The length of the string is d = £/10, so its third harmonic has frequency 
fi" =3 | F/ y. The stopped pipe has length L, so its first harmonic has frequency 


; y. 1 
me .— . Fquating these and using d = 1/10 sives F = —— uv’. 
f ar Equating g /10g bong is 


(b) If the tension is doubled, all the frequencies of the string will increase by a factor of 


42. In particular, the third harmonic of the string will no longer be in resonance with the 
first harmonic of the pipe because the frequencies will no longer match, so the sound 
produced by the instrument will be diminished. 

(c) The string will be in resonance with a standing wave in the pipe when their 


frequencies are equal. Using f° — 3 f," , the frequencies of the pipe are 
nf? = 3nf?*"*. (where z=1, 3, 5...). Setting this equal to the frequencies of the string 
uf". the harmonics of the string are n’= 3n = 3, 9,15... 


16.53: a) For an open pipe, the difference between successive frequencies is the 
fundamental, in this case 392 Hz, and all frequencies would be integer multiples of this 
frequency. This is not the case, so the pipe cannot be an open pipe. For a stopped pipe, 
the difference between successive frequencies is twice the fundamental, and sach 
frequency is an odd integer multiple of the fundamental. In this case, 

fi =196Hz, and 1372 Hz=7 f, 1764 Hz 95. b)n=7 for1372 Hz,n = 9 for 1764 Hz. 


c) f, 2 v/AL, soL=v/4 f, 2 (344 m/s (784 Hz) - 0.439 m. 


16.54: The steel rod has standing waves much like a pipe open at both ends, as shown 
in Figure (16.18). Àn integral number of half wavelengths must fit on the rod, that is, 


ny 
the 
a) The ends of the rod are antinodes because the ends of the rod are free to ocsillate. 


b) The fundamental can be produced when the rod is held at the middle because a 
node is located there. 


c) f= (1)(5941 m/s) — 1980 Hz. 
2(1.50 m) 
d) The next harmonic is = 2, or f, = 3961Hz. We would need to hold the rod at an 
n= 2 node, which is located at L/4 from either end, or at 0.375 m from either end. 


16.55: The shower stall can be modeled as a pipe closed at both ends, and hence there 
are nodes at the two end walls. Figure (15.23) shows standing waves on a string fixed at 
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both ends but the sequence of harmonics is the same, namely that an integral number of 
half wavelengths must fit in the stall. 

a) The condition for standing waves is f, = 77, so the first three harmonics are 
n—1,2,3. 

b) A particular physics professor's shower has a length of £ — 1.48 m. Using f, ==, 
the resonant frequencies can be found when v — 344 m/s. 


n f(Hz) 
1 116 
2.232 
3 349 


Note that the fundamental and second harmonic, which would have the greatest 
amplitude, are frequencies typically in the normal range of male singers. Hence, men do 
sing better in the shower! (For a further discussion of resonance and the human voice, see 
Thomas D. Rossing , Tke Science of Sound, Second Edition, Addison-Wesley, 1990, 
especially Chapters 4 and 17.) 


16.56: a) The cross-section area of the string would be 
a=(900N)/(7.0x10° Pa) =1.29x10% m°, corresponding to a radius of 
0.640 mm (keeping extra figures). The length is the volume divided by the area, 


3 
j E PER 0 GRON WD ji 
a a (73x10 kg/m Y1.29x10* m^) 


b) Using the above result in Eq. (16.35) gives f, = 377 Hz, or 380 Hz to two figures. 


16.57: a) The second distance is midway between the first and third, and if there are no 

other distances for which resonance occurs, the difference between the first and third 

positions is the wavelength X = 0.750 m. (This would give the first distance as 

4/4 — 18.75cm, but at the end of the pipe, where the air is not longer constrained to move 

along the tube axis, the pressure node and displacement antinode will not coincide exactly 

with the end). The speed of sound in the air is then v= fA = (500 Hz)(0.750m)= 375 m/s. 
b) Solving Eq. (16.10) for y, 


_ My’ _ (28.8x107 kg/mol)(375 m/s) ai 
RT (8.3145 J/mol-K)(350.15K) : 


c) Since the first resonance should occur at. z/4 = 0.875 m but actually occurs at 


0.18 m, the difference is 0.0075 m 
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16.58: a) Considering the ear as a stopped pipe with the given length, the frequency of 
the fundamentalis f; = v/4Z = (344 m/s)/(0.10 m) = 3440 Hz; 3500 Hz is near the 


resonant frequency, and the ear will be sensitive to this frequency. b) The next resonant 
frequency would be 10,500 Hzand the ear would be sensitive to sounds with frequencies 


close to this value. But 7000 Hz is not a resonant frequency for an open pipe and the ear 
is not sensitive at this frequency. 


16.59: a) From Eq. (15.35), with m the mass of the string and M the suspended mass, 


f= E o j ME oa 
^at, Vad Ep 


(420.0 x10” kg)(9.80 m/s?) HD 
z(225x10? m) (0.45 m) (21.4x 10? kg/m^) i 


and the tuning fork frequencies for which the fork would vibrate are integer multiples of 
TT.3Hz. b)The ratio miM «9x10, so the tension does not vary appreciably along 
the string. 


16.60: a) L=1/4=v/4 f = G4Am/s)/(4(349Hz)) = 0.246m. — b) The frequency will 
be proportional to the speed, and hence to the square root of the Kelvin temperature. 
The temperature necessary to have the frequency be higher is 

(293.15 K)(1.060)° = 329.5 K, 


which is 56.3? C. 


16.61: The wavelength is twice the separation of the nodes, so 


v-M =f = Ur 


(16.0 x 10^ kg) 
(8.3145 J/mol- K) (293.15 K) 


Solving for y, 


y= X ory 2 (2(0.200 m)y(1100 Hz) =1.27. 
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16.62: Ifthe separation of the speakers is denoted £, the condition for destructive 


interference is 
Vx? +A? —x= fh, 


where f is an odd multiple of one-half. Adding x to both sides, squaring, cancelling the 
x^ term from both sides and solving for x gives 


Ek OB 


25. 2 


Using A = +and à from the given data yields 9.01. m(£ - 112.71 m(£-2)127m 
(£—3)0.53 m(£ - 2) and 0.026 m (5 — 2). These are the only allowable values of £ 
that give positive solutions for x. (Negative values of x may be physical, depending on 


speaker design, but in that case the difference between path lengths is J x^ +2? + x.) 

b) Repeating the above for integral values of £, constructive interference occurs at 4.34 
m, 1.84 m, 0.86 m, 0.26 m. Note that these are between, but not midway between, the 
answers to part (a). c) If & = 4/2, there will be destructive interference at speaker 

B. If 4/2 > k, the path difference can never be as large as 4/2. (This is also obtained 
from the above expression for x, with x= Oand £ — 2.) The minimum frequency is then 
vj 2k = (344 m/s)/(4.0 m) = 86 Hz. 


16.63: a) The wall serves as the listener, want f, = 600 Hz. 


Vc Ys 

fs g z X y 
v, = 0, v, = -30 m/s, v = 344 m/s 

Ja = 548 Hz 
b) Now the wall serves as a stationary source with f, = 600 Hz 
sy 

vs = 0,v, = 430 m/s,v = 344 m/s 

f = 652 Hz 


16.64: To produce a 10.0 Hz beat, the bat hears 2000 Hz from its own sound plus 2010 
IIz coming from the wall. Call v the magnitude of the bat’s speed, f, the frequency the 


wall receives (and reflects), and Vthe speed of sound. 
Bat is moving source and wall is stationary observer: 
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X V-v à) 
f, 2000Hz 


Bat is moving observer and wall is stationary source: 


Vv V 
=— Q) 
2010Hz f, 


Solve (1) and (2) together: 


v= 0.858 m/s 


16.65:a) A = AR- p a = BkA = PRA 2H In air v= EA Therefore 


a v p 
Au pB ARI =P = 20 fF (ARy. 
VB. LEE V eB 


b) P,, - AxR I = 815 J pB f^ R (ARF 


B 2x? [aps R (ary? 
= 0$. 5 


Das = (PBI _ 2n f PB fR(AR) Au Pu  Q RR) 


16.66: (See also Problems 16.70 and 16.74). Let f, = 2.00 MHz be the frequency of 
the generated wave. The frequency with which the heart wall receives this wave is 

fa === fy, and this is also the frequency with which the heart wall re-emits the wave. 
The detected frequency of this reflected wave is 

f With the minus sign indicating that the heart wall, acting now asa source of 


s VVR 
nhe: 


ta mm (rej), - P -h 


waves, is moving toward the receiver. Combining, f fo» and the beat frequency is 


Solving for v, 


Va of te fien - (1500 wel Se = | 
TT 2(2.00x10° Hz) + (85Hz) 
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—3.19x10 ^ m/s. 
Note that in the denominator in the final calculation, f,,, is negligible compared to fj. 


16.67: a)A-v/f = (1482 m/s)/ (22.0 x 10 Hz)-6.74x10 ^ m. b) See Problem 16.66 
or Problem 16.70; the difference in frequencies is 


nl itii. |. VT 2(4.95 m/s) , 
Af = A - J-b20 10 e Ld eioan E 


=r age 


The reflected waves have higher frequency. 


16.68: a) The maximum velocity of the siren is c4, = 2xf,4,. You hear a sound with 
frequency f, = fren v/ (v+ Ys ) where vs varies between + 2xf,4, and — 2xf, Ap 

So f, us = fas V/V- 27 py )and Somin = Sara VI v + 27fe 4s). 

b) The maximum (minimum) frequency is heard when the platform is passing through 
equilibrium and moving up (down). 


16.69: a) Letv, be the speed of the bat, v. the speed of the insect and f the frequency 


with which the sound waves both strike and are reflected from the insect. The frequencies 
at which the bat sends and receives the signals are related by 


P i jum] 


den 
ELEM -4 4b- ¥,)- se 
fv- nt fv) 


Solving for v., 


Letting f, = f., and f, = fia gives the result. 
b) If fa — 80.7 kHz, fa =83.5 kHz, and v = 3.9 m/s, v... = 2.0 m/s. 


16.70: (See Problems 16.66, 16.74, 16.67). a) Ina time £, the wall has moved a 
distance y,t and the wavefront that hits the wall at time £ has traveled a distance vt, where 


v= f% and the number of wavecrests in the total distance is cxt. b) The reflected 


wave has traveled v? and the wall has moved v7, so the wall and the wavefront are 
separated by (v—w X. c) The distance found in part (b) must contain the number of 


www.FreeLibros.me 


reflected waves found in part (a), and the ratio of the quantities is the wavelength of the 
reflected wave, À,—*. — d) The speed v divided by the result of part (c), expressed in 


O vnm, 


terms of f, is f; >. This is what is predicted by the problem-solving strategy. 
Nh- Rh A. 


16.71: a) 


_, lev fle | í Agi vy" 
PRA ay die A 1-2) 142) . 


b) For small x, the binomial theorem (see Appendix B) gives (1— x)! ? al- xj2, 


(14-xY =1-x/2, so 
bez] 


where the binomial theorem has been used to approximate (1 —xj 2y e 1-x. 


The above result may be obtained without resort to the binomial theorem by 
expressing f. in terms of f,as 


jo pe 41-G/e) (v/c) ) y1- (/e) (v/c) uth 1-(v/c) 
41-4 (e) ) 41- (v/e) Ái- (je) 
To first order in v/c , the square root in the denominator is 1, and the previous result is 


obtained. c) For an airplane, the approximation v << c is certainly valid, and solving 
the expression found in part (b) for v, 


vsech -cha (300x10 m/s) — HZ. — 
fs fs 2.43x 105 Hz 


= 56.8 m/s, 


and the approximation v «« c is seen to be valid. Note that in this case, the frequency 
difference is known to three figures, so the speed of the plane is known to three figures. 


16.72: a) As in Problem 16.71, 
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14 
fs fa _ 3.0010" m/s) 0.018 x 10'* Hz 


ARES DS quiste n. 
Á 4.568 x 10 Hz — 


x 
I 
ia) 


with the minus sign indicating that the gas is approaching the earth, as is expected since 
fa > fz. db) The radius is (952 yr) (3.156 10" s/yrY1.2x 105 m/s) = 3.610" 


m= 3.8 ly. This may also be obtained from (952 yr) 4*. — c) The ratio of the width 


of the nebula to 2x times the distance from the earth is the ratio of the angular width 
(taken as 5 arc minutes) to an entire circle, which is 60x 360 arc minutes. The distance to 
the nebula is then (keeping an extra figure in the intermediate calculation) 


283.75 


y ECO 5.2x10? ly, 


so the explosion actually took place about 4100 B.C 


16.73: a) The frequency is greater than 2800 MHz; the thunderclouds, moving toward 
the installation, encounter more wavefronts per time than would a stationary cloud, and 
so an observer in the frame of the storm would detect a higher frequency. Using the result 
of Problem 16.71, with v = —42.0 Km/h, 


(42.0 km/h) (3.6 km/h/1 m/s) 


=109 Hz. 
(3.00107 m/s) : 


fa- fs = f = 80010582) 


b) The waves are being sent at a higher frequency than 2800 MHz from an approaching 
source, and so are received at a higher frequency. Repeating the above calculation gives 
the result that the waves are detected at the installation with a frequency 109 Hz greater 
than the frequency with which the cloud received the waves, or 218 Hz higher than the 
frequency at which the waves were originally transmitted at the receiver. Note that in 
doing the second calculation, f. = 2800 MHz + 109 Hz is the same as 2800 MHz to three 


figures. 


16.74: a)(Seealso ime 16.19 and Problem 16.66.) The wall will receive and 


reflect pulses at a ER xm DT y Je and the woman will hear this reflected wave at a 


frequency 


The beat frequency is 
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bas -d -1j 2 ) 


w w 


b) In this case, the sound reflected from the wall will have a lower frequency, and 
using f,(v—v,,)/(v+y,,) as the detected frequency (see Example 21-12; v, is replaced 


by —», in the calculation of part (a)), 
v-v 2y, 
= 1 N. = — 
Pen Al d a2) 


16.75: Refer to Equation (16.31) and Figure (16.38). The sound travels a distance v7 
and the plane travels a distance v,T before the boom is found. So, &^ — (vT + (w,T ^, or 


vf = Vk? — v/T^. From Equation (16.31), sin a =—-. Then, v, s 
Vs bh'-vT 


b) From Eq. (16.4), the function that has the given  p(x,0)at z — 0 is given 
graphically as shown. Each section is a parabola, not a portion of a sine curve. The period 
is A/v = (0.200 m)/ (344 m/s) 2 5.81x10'* sand the amplitude is equal to the area under 


the p —x curve between x = Oand x = 0.0500 m divided by B, or 7.04x 10 ? m. 


C) Assuming a wave moving in the + x-direction, y»(0,7) is as shown. 
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n 2ü oi ot ao 10 125 


d) The maximum velocity of a particle occurs when a particle is moving throughout 


the origin, and the particle speed is v, = — By ==. The maximum velocity is found from 


the maximum pressure, and. v... = (40 Pa)(344 m/s)/ (1.42 «10° Pa) = 9.69 cm/s. The 


maximum acceleration is the maximum pressure gradient divided by the density, 


0 Pa)/(0.1 
ig EI) d 
(1.20 kg/m?) 


e) The speaker cone moves with the displacement as found in part (c ); the speaker 
cone alternates between moving forward and backward with constant magnitude of 
acceleration (but changing sign). The acceleration as a function of time is a square wave 


with amplitude 667 m/s? and frequency f = v/4. = (344 m/s)/(0.200 m) = 1.72 kHz. 


16.77: Taking the speed of sound to be 344 m/s, the wavelength of the waves emitted 


by each speaker is 2.00 m. — a) Point C is two wavelengths from speaker 4 and one and 
one-half from speaker 5 , and so the phase difference is 180° = x rad. 


P  &00x10*W 
Amr? — 4x(4.00 my 


b) I- —3,98 x10 5 W/m’, 


and the sound intensity level is (10dB)log(3.98x 1] 0^) = 66.0 dB. Repeating with 
P-600x10? W andr = 3.00 m gives Z = 5.31x 107W and / —57.2dB. c) With the 


result of part (a), the amplitudes, either displacement or pressure, must be subtracted. 
That is, the intensity is found by taking the square roots of the intensities found in part 
(b), subtracting, and squaring the difference. The result is that 

£=1.60x10 W and £ = 62.1dB. 
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17.4: From Eq. (17.1) a)(9/5\-62.8)4+ 32 =-81.0°F. b)(9/5Y56.7)4- 32 — 134.19F. 
c) (9/5Y31.1)4- 32 =88.0°R. 


17.2: From Eq. (17.2), a) (5/9Y41.0—32)- 5.0°C. b) (5/9107 —32)=41.7°C. 
c)(5/9X-18 — 32) =-27.8°C. 


17.3: 1C°=2F°, so40.0=72.0F° 
T, =T, + 70.0 F° = 140.2°F 


17.4: a) (5/9)(45.0—(—4.0) =27.2°C. _b) (5/9) (-56.0— 44) = —55.6? C. 


17.5: a)From Eq. (17. 1), (9/5Y40.2)- 32 =104.4°F, which is cause for worry. 
b) (9/5X12)+ 32 = 53.6°F, or 54°F to two figures. 


17.6:  (9/5X11.8)= 21.2 F° 


17.7: 1K - 1C? - 2F?, so a temperature increase of 10 K corresponds to an increase 
of 18 F°. Beaker B has the higher temperature. 


17.8: For (b), AT, = AT, = 10.0 C°. Then for (a), A7, = 2AT, = 2(-10.0 C°) 
- 18.0 F°. 


17.9: Combining Eq. (17.2) and Eq. (17.3), 

T= 5t. —32°)+ 273.15, 
and substitution of the given Fahrenheit temperatures gives a) 216.5 K, b)325.9K, c) 
205.4 K. 


17.10: (In these calculations, extra figures were kept in the intermediate calculations 
to arrive at the numerical results.) a) J, = 400—273.15 =127°C, 7. = (9/5)(126.85) 4 


32 = 260°F. b) T, = 95— 273.15 =-178°C, T, = (9/5Y(—178.15)4- 32 = —2899F. 
c)7, -1.55x10! 273.15=1.55x107°C, 7, = (9/5)(1.55x107) | 32 =2.79«107°R, 


17.11: FromEg. (17.3), T, = (-245.929C) + 273.15 = 27.23 K. 
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17.2: FromEGq. (17.4), (7.476)(273.16 K) = 2042.14 K — 273.15 = 1769°C. 


17.13: From Eq. (17.4), (325.0mm)(224 )= 444 mm. 


27316 K. 


17.14: On the Kelvin scale, the triple point is 273.16 K, so 
eR = (9/5)273.15 K = 491.69?R. One could also look at Figure 17.7 and note that the 


Fahrenheit scale extends from — 460?F to + 32°F and conclude that the triple point is 
about 492 °R. 


17.15: From the point-slope forraula for a straight line (or linear regression, which, 
while perhaps not appropriate, may be convenient for some calculators), 


4 
(0.01°C)— a PE zc = —282.33°C, 
6.50x 10* Pa—4.80x10* Pa 


which is — 282°C to three figures. 


b) Equation (17.4) was not obeyed precisely. If it were, the pressure at the triple 
point would be P= (273.1 6)(-souotes )— 4.76x10* Pa. 


1716: AT = (AL)/ (aZ, )- 05107 myfp.4x107(c9y (62:1m)]- 1689 C. 
so the temperature is 183°C. 


17.17:  aLAT -(2x107(C9)* X1410my(18.0*C — (-5.0)°C) = 40.39 m. 


17.18: d+Ad=d(1+aAP) 

= (0.4500 cm)(14 (2.4 x 10 (C?) !)(23.09C — (-78.0°C))) 

= 0.4511 cm — 4.511 mm. 
17.19: a) aD;AT = (2.6x10^ (C9) ^)(1.900m)(28.09C) 2 1.4 x10 cm, sothe 
diameter is 1.9014 cm. b) aD,AT — —3.6x 10^ cm, so the diameter is 1.8964 cm. 


17.20: AT -(2.0x10^? (C9)! (5.00°C —19.59C) = —2.9x10*. 
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1721: a= (AD GSAT) -Q.3x10* m) (40.125 x10? m\25.0c°)) 
-23x10 (C9). 


17.22: From Eq. (17.8), AT = 277» = 1.210" __ 39 4eC. so T = 49.4°C. 


P — sld0^Ek" 


17123 BVAT= (75 x 107-:(c9y Ja 700 L.)(—9.0°C)=—11L, so there is 11 L of air. 


17.24: The temperature change is AT —18.0? C — 32.0? C = —14.0 C°. The volume of 
ethanol contracts more than the volume of the steel tank does, so the additional amount of 
ethanol that can be put into the tank is AV, — AV ena = (a aui) M 


= (3.6x107(Cey! - 75107 (c9) ) (2.80 m^ J-14.0 C*)= 0.0280 n 


17.25: The amount of mercury that overflows is the difference between the volume 
change of the mercury and that of the glass; 


e 8.95cm* £ j 
=18.0x10 rer ren V ens, 
Puis 1000 cm? f55.09C ) (c) 


17.26: a) A- D, AA - 2LAL =24 I? — 2: A4,. But = aAT, and so 
Ad = 2aATA, = (2a)A,AT. 
b) A4-(2a)4AT = (2)(2.4 x10? (C9) (zx (275 m) ) (12.5°C)=1.4x10* m°. 


2 
17.27: a) A, -2 =7(1.3500m} -1.431emf. 


b) A = AL 2aAT)- (L431em^ i^ (201.20 1079C)1509C))- 1.437 em*. 


17.28: (a) No, the brass expands more than the steel. 
(b) call D, the inside diameter of the steel cylinder at 20°C At 150°C: D... = Dag 
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D, + AD,, -25.000 cm 4 AD, 
D, + a4,D. AT =25cm+ a4, (25 cm)AT 
25em(14 a4, AT) 
1+a AT 
_ (2Semjil + (2.0x10° (C°y*)(130€°) 
14 (1.2 x10 (C°)*)030 C9) 
=25.026 cm 


D, = 


17.29: The aluminum ruler expands to a new length of 
L= Ll 4 aAT) = (20.0cm)[1+ (2.4 10 ^ (C9) (100 C9)] = 20.048 cm 
The brass ruler expands to a new length of 
L=£,(1+ aAT) = (20.0 cm)[1+ (2.0 x 107(C9) 5100 C9)] = 20.040 cm 
The section of the aluminum ruler will be longer by 0.008 cm 


17.30: From Eq. (17.12), 


F —- —YaATA 
—(0.9 x 10" Pa)(2.0» 107 (C9) (-1109C)(2.01x 107 * m?) 
=4.0x10° N. 


17.34: a) a-(AL/ LAT) = (1.9x 10^ m)/((1.50 m)(400 C°))= 3.2x10 ^ (C9) *. 
b) YaAT = YA L/ L, = (2.0 x10" Pay(1.9x107 m)/(1.50 m)- 2.5 x10? Pa. 


17.33: a) AL = aATL = (1.2x 10^ K !y35.0KX(12.0 m)- 5.0x 10^ m. 
b) Using absolute values in Eq. (17.12), 


Z = YaAT = (2.0 x10"! Pay(1.2x 10? K!(35.0K) - 8.4 10" Pa. 
17.3: a)  (Q379C- (-209C)X0.50LY1.3x 10° kg/L) (1020J/kg -K) = 28 J 


b) There will be 1200 breaths per hour, so the heat lost is 
(1200)(38 J) = 4.6xx10^ J. 
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: o 
17.34: ,,9 _ meAT  (TOKg)G480J/kg-K)(7 C?) 4 4x10 s, about 24 min. 


P (1200 W) 


17.35: Using Q—mg in Eq. (17.13) and solving for AT gives 


2 
xn. (9.80 m/s*)(225 m) _ pees 
c (4190 J/kg.K ) 


17.36: a) The work done by friction is the loss of mechanical energy, 


mgh + zmo =v; )= (35.0 ke cso m/s^ (8.00 m)sin 36.9" — 550 m/s) 
-1.54x10 J. 
b) Using the result of part (a) for Q in Eq. (17.13) gives 


AT = (1.5410? J)/i(35.0 kg 3650 J/kg -K))- 1.21107 C°. 
17.37: (2109 C — 20°C\(1.60 kg Y910 J/kg -K )-- (0.30 kg Y470 J/kg -K )) - 3.03 105 J. 


17.38: Assuming Q —(0.60)x10x K, 
iMV' — (6)(LS0kgX7.80m/s) 


AT (eO) ru 4 =45.1C°. 
mc mc — (8.00x107 kg [910 J/kg -K) 


17.39: (85.00 C - 20.0? CX(1.50kg X910 J/kg- K )-- (1.80 kg Y4190J/kg - K) 
- 5.7910? J. 


17.40: a) O=mcAT — (0.320 kg) (4190J/kg -K)(60.0 K) — 8.05:10* J. 
b) t= g = 20t _ 402 a. 


200 W 


17.41: a) c= = __120 )(65.0W) ig gt 10° J/kg-K. 


mAT (0.780 kgi(22.54°C-18.55°C) | 


b) An overstimate; the heat Q is in reality less than the power times the time 
interval. 
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17.42: The S change is AT = 18.0 K,so 


^] 
men __gQ  (9.80m/s'41.25x10* J) _ = 240 J/kg -K. 


mr wAT (28.4 NX18.0 K) 


17.43: a) O=mcAT, c= 470I/kg-K 
We need to find the mass of 3.00 mol: 
m=nM =(3.00 mol\55.845x In kg/mol)= 0.1675 ke 
AT = Qí mc = (8950 J)/[(0.1675 kgY470 J/kg - K)]- 114 K - 114 C? 
b) For m=3.00kg, AT = Q/mc = 6.35 C? 


c) The result of part (a) is much larger; 3.00 kg is more material than 3.00 mol. 


17.44:(a) L,= 


Qu _ (10,000J/min X1.5 min) _ = 30,000 J/kg 
m 


0.50 kg 
— Q 
Liquid : Q = mcAT > c = —— 
(b) Liquid : Q = mc c= WAT 


_ (10,000 J/min X1.5 min) 


ico oe" — 1,000J/kg - C 


Solid ;c- 2 ~ (0000 J/miny.Omin) _ 1309 J/kg. o 
mAT (0.50kgX15C?) 


1745: a)Q,- Qu =0 
Mater Cater DM mater + metal meta M metal = O 
(1.00kgY4190 J/kg- K ¥2.0C°)+ (0.500 kg Xcu K- 78.0 C°)=0 
-215Jkg.K 


Cmeral 


b) Water has a larger specific heat capacity so stores more heat per degree of 
temperature change. 
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C) If some heat went into the styrofoam then Q są, should actually be larger than in 
part (a), so the true c ea is larger than we calculated; the value we calculated would be 
smaller than the true value. 


17.46: a)Letthe man be designated by the subscript m and the “‘water” by w, and T is 
the final equilibrium temperature. 


—nQgC AT, — mu C, AT, 
SMa Ca T -1,)- m, C, (T -7,) 
m, C. (T, -T)=m,C, (T-T, ) 


MaC aus Dace B 
Moa Cu t gy 


Or solving for 7, T = . Inserting numbers, and realizing we can change K to 


°C, and the mass of water is e ke, we get 
T- (70.0 kg) (3480 J/kg - K) (37.0°C) + (0.355 kg) (4190 J/kg - °C) (12.0*C) 
(70.0 kg)(3480 J/kg. C) 4 (0.355 kg) (4190 J/kg - °C) 
Thus, T = 36.85°C. 


b) It is possible a sensitive digital thermometer could measure this change since 
they can read to .1?C. It is best to refrain from drinking cold fluids prior to orally 
measuring a body temperature due to cooling of the mouth. 


17.47: The rate of heat loss is AQ/ at (22)— mca? or At= TEL “=. Interesting numbers, 


A X 

Aic (0X0.355kg)MSOI/kg* C015 C) - 

= 7«105 1/day D 

taking the temperature of a sick child several minutes after the child has something to 
drink. 


0.005 d, or Az — 7.6 minutes. This may acount for mothers 


17.48: Q- m(cAT 4 L,) 
- (0.350 kg\((41 90 J/kg - K 18.0 K) - 334 x10* J/kg) 
E 136 Btu. 

1749: Qo-m(c. AT, L,- c LAT au D) 

FREE - KY(10.0 C9) + 334 x 10? Jk 
= 12.0107 kg) í ^ g-KX )+334x10 J/kg 
+ (100 C9)(4190 J/kg - K) + 2256 x 10 J/kg 
= 3.64x10* J =8.69 kcal = 34.5 Btu. 


=21.7 min. 


"T n2- mcAT _ (0.550 kg)(2100 J/kg : K)(15.0 K) 


P (800 J/min) 
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m x10? A = : 3 : 
b) ra = opens — 230 min,so the time until the ice has melted is 


21.7 min + 230 min = 252 min. 


A 
LOU :-- 


Uu am MK) at xo 


((4000 Ib)/2.205 Ib/kgY334 x 10* J/kg) 
(86,4005) 


19:51: = 7.01 kW = 2.40x10* Btu/hr. 
17.52: a) m(cAT + L,) = (25.0107 kp)((4190 J/kg - KY66.0 K) + 2256x 10° J/kg)- 


6.33x10* J. b) mcAT = (25.0x 10^ kg)(4190 J/kg - K)(66.0 K) ^ 6.91x 10 J. 
c) Steam burns are far more severe than hot-water burns. 


17.53: With Q= m(cAT  L,)and K = (1/2)myv’, setting Q = K and solving for v gives 


v= 42((130 J/Kg - K)302.3 C°) + 24.5 10° J/kg) = 357 m/s. 


i Wü. See ee | 
ine SEE - Q.42 10" J/kg) 


» 


101g. 


b) This much water has a volume of 101 cm? , about a third of a can of soda. 


17.55: The mass of water that the camel saves is 


McAT _ (400kg)(3480 J/kg - K)(6.0 K) 
L (2.42 x 105 J/kg) 


Y 


- 3.45 kg, 


which is a volume of 3.45 L. 


17.56: For this case, the algebra reduces to 
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((200)(3.00 x 107 kg)(390 J/kg - K)(100.0 C2) 
+ (0.240 kg(4190J/kg(20.0 C°) 
lang" 10^ ke)(390 J/kg - K) | 


] c 


+ (0.240 kg)(4190 J/kg- K) 


17.57: The algebra reduces to 


[pm kg)(390 J/kg -K)-- (0.170 kg(4190 J/ke-K))(20.0°C 


ii intense — | = 275°C 
T fpem kg(390 J/ke -K)-- (0.170 kg4190 J/kg- i "n 


+ (0.250 kg)(470 J/kg- K) 


17.58: The heat lost by the sample is the heat gained by the calorimeter and water, and 
the heat capacity of the sample is 


Q  ((0.200kg)(4190 J/kg - K)+ (0.150kgY(390 J/kg -K)\(7.1C°) 


mAT (0.0850 kg)(73.9 C2) 


c= 


=1010 J/kg -K, 


or 1000 J/kg- K to the two figures to which the temperature change is known. 


17.59: The heat lost by the original water is 
—Q=(0.250kg\(4190 J/kg - KY45.0C9) = 4.714 x 10* J, 
and the mass of the ice needed is 


3e 
dd COE m 
(4.714x10*)J 
~ (2100 J/kg- K)(20.0€°) + (334x10 J/kg) + (4190 J/kg: K (36.0 C°) 
— 9.40» 10^ kg = 94.08. 


17.60: The heat lost by the sample (and vial) melts a mass m, where 


Ze (334 10° J/kg) 
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Since this is less than the mass of ice, not all of the ice melts, and the sample is 
indeed cooled to 0°C. Note that conversion from grams to kilograms was not necessary. 


(4.00k2)(234 J/kg - K)(750 C?) » 


17.61: 1 
(334x10° J/kg) 


2.10kg. 


17.62:  Equating the heat lost by the lead to the heat gained by the calorimeter 
(including the water-ice mixtue), 


mp cj (200°C — 7) = (m, + Mie Ky T + mac + mul. 
Solving for the final temperature 7 and using numerical values, 


ie ke)(130 J/kg -K\(255 ej 

poA (0.018 kgy(334 10° kg) ) 9 goo. 
(0.750 kg)(130- J/keK) 
+ (0.178 kg)(4190 J/kg - K) 


+ (0.100 kg(390 J/kg - K) 


(The fact that a positive Celsius temperature was obtained indicates that all of the ice 
does indeed melt.) 


17.63: The steam both condenses and cools, and the ice melts and heats up along with 
the original water; the mass of steam needed is 
_ (0.450 kg)(334 x1 0° J/ke)+ (2.85 kg)(4190 J/kg - KY28.0C?) 
m 2256x10° J/kg + (4190 J/kg)(72.0 C?) 


— 0.190 kg. 


17.64: The SI units of H and #2 are both watts, the units of area are m°, temperature 
difference is in K, length in meters, so the SI units for thermal conductivity are 
[Wn] W 
[n^]K] m-K 


17.65:  a)49E. — 222 K/m. b)385 W/m. KY(1.25x 10* m?)(400 K/m) — 10.7 W. 


0450m 


c)100.0*C — (222 K/m)(12.00x 107 m) =73.3°C. 
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17.66: Using the chain rule, Æ = x- = L; * and solving Eq. (17.21) for k, 


dm L 

77 dr AAT 

= (334x10 J/kg) (8.50x10 ^ kg) COUR 8) 
(600s) — (1250x10* m^)100K) 

-227 W/m-K. 


17.67: (Although it may be easier for some to solve for the heat flow per unit area, 
part (b), first the method presented here follows the order in the text.) a) See Example 
17.13; as in that. example, the area may be divided out, and solving for temperature 7' at 
the boundary, 


s: Lom pm. * [ts fosa Js 
N(k... o ) F i sn ) 


(0.010 W/m-K Y(2.2 cm)X19.0? C)+ ((0.080 W/m- K/(3.0cm)X—10.0? C) 
((0.010 W/m-K)/(2.2 cm))+ ((0.080 W/m- K )/(3.0 cm)) 


=—5.8°C. 


Note that the conversion of the thickness to meters was not necessary. b) Keeping extra 
figures for the result of part, (a), and using that result in the temperature difference across 
either the wood or the foam gives 


Bias ~ Hess - (0.010 W/m: y yo. c -(-5.267" CJ) 


A 2.2x10 7m 


= (0.080 W/m- K 
( pus 3.0x107 m 


-11 W/m?. 


17.68: a) From Eq. (17.21), 


H = (0.040 W/m-K Y1040 m? ee a) -196 W, 
4.0x10* m 


or 200 W to two figures. b) The result of part (a) is iie needed power iupuL 


17.69: From Eq. (1 7.23) the energy that flows in time Af is 
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2 o 
Hag gu Be em) (5.0h)- 708 Bui = 7.510" 1. 
R 30 f? -F?- h/Btu 


17.70: a) The heat current will be the same in both metals; since the length of the 
copper rod is known, 


H = (385.0 W/m-K Y400» 107 S - 5.39 W. 
š m 


b) The length of the steel rod may be found by using the above value of H in 
Eq. (1 7.21) and solving for £,, or, since H and 4 are the same for the rods, 


k, AT, (1.00m) (50.2 W/m-KX65.0K) _ oa 


i= f= alee atime teats te 
*CUREAT (385.0 W/m- K 35.0K) 


17.71: Using H — L, 2. (see Problem17.66) in Eq. (17.21), 


(0.390 kg) (0.85107 m) us 
(180s) (5027//m-KX0.150m^) ` 
and the temperature of the bottom of the pot is 100? C+ 6 C? = 106? C. 


“O 


= (2256x10° J/kg) 


17.72: 


At L 


150J/s= 502—. 4 SOM 
mK 0.500 m 


A 24.98 x10? m? 


2 
4=nR -{2) 
2 


D=/44/x 


= f4(4.98 x10? m?)/x 


—8.0x10? m — 8.0cm 
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17.73: H, = H (a = aluminum, b = brass) 
om — ne 
Hk A(150.0°C n Bid A(T —0? C) 
L, L, 


(It has been assumed that the two sections have the same cross-sectional area.) 
} 4(150.0°C-T) k A(T —0°C) 
So e rl 


* ^ 8 L 
(2050 W/m-K)(150.00C— Tj (109.0 W/m-KX(T — 0°C) 
0.800m 0.500 m 


Solving for 7 gives T = 90.2?C 


17.74: From Eq. (17.25), with e=1, 
a) (5.67x10? W/m'-K*)273K)' = 315 W/m’. 


b) A factor of ten increase in temperature results in a factor of 10* increase in the 
output; 3.15x105 W/m’. 


17.75: Repeating the calculation with 7, = 273K + 5.0 C? = 278 K gives H —167 W. 


17.76: The power input will be equal to H œ as given in Eq. (17.26); 


P= Aeo(T* — 7) 


= (Ax(1.50x 107 m) Y0.35(5.67 x 10^ W/m? - K* (3000 K)* — (290 K^) 
=4.54x10 W. 


17.77: A= E meee 


m - -2.10cm* 
ecT*  (0.3545.67x10 * W/m’ -K* (2450K Ý 


17.78: The radius is found from 


a. [4 = [Efe], [8 1 
Ax Ax Ana T^ 


Using the numerical values, the radius for parts (a ) and (b ) are 
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32 
R = zo —— Bg 
4n(5.67x10 W/m’ - K$) (11,000 K) 


20x10? W 1 


R= ——— —m. 2543x105 m 
"405.6710 W/m’ -K*) (10,000 KY 


c) The radius of Procyon B is comparable to that of the earth, and the radius of 
Rigel is comparable to the earth-sun distance. 


17.79: a) normal melting point of mercury: — 30? C = 0.0°M 
normal boiling point of mercury: 357? C =100.0°M 
100 M? = 396 C? sol M° = 3.96 C? 


Zero on the M scale is — 39 on the C scale, so to obtain 7, multiple 7,, by 3.96 and 
then subtract 39°: Fo = 3.967, — 39° 


Solving for 7,, gives Ty = — (T, + 39°) 


a x 
The normal boiling point of water is 100°C;T,, = Sd 00° + 392) = 35.1?M 
b)10.0 M? = 39.6? C? 


17.80: All linear dimensions of the hoop are increased by the same factor of &AT', so 
the increase in the radius of the hoop would be 


RaAT = (6.38x10* m\1.2x10° K^ J0.5K)- 38 m. 


17.81: The tube is initially at temperature 7,, has sides of length Z, volume F}, 
density p}, and coefficient of volume expansion £. 


a) When the temperature increase to 7, + AT, the volume changes by an amount 


AV, where AV = BV,AT. Then, p =——"—., or eliminating AY ,p = ——— — —. 

BY, n, p V AV g AV,p V + FEAT 
Divide the top and bottom by Es and substitute p; = m/V;. Then 
p- mV or p= . This can be rewritten as p = E 4 BAT). 2, Then 


VS fV, + BV,ATIV, AT 
using the expression (1-- x)" = 1--zx, where n=—l,p = p(l- BAT) 
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b) The copper cube has sides of length 
1.25cm = .0125 m, and AT = 70.0? C — 20.0? C = 50.0? C. 


AV = BV,AT = (5.1«107/e CK0125 mJ (50.09 C)- 5x10? m° 


Similarly, p —8.9x10* kg/m? (1—(5.1x107/? C)(50.0* C)), or p — 8.877 x10 kg/m’; 
extra significant figures have been keep. So Ap — —23 A. 


17.82: (a) We can use differentials to find the frequency change because all length 
changes are small percents . Let m be the mass of the wire 


v= Ffu = 4 Fl(m[/L) — 4 FL/m 


f= ; and A = 2L(fundamental) 


PEE 


Af s Z a (only Z changes due to heating) 


A | (5GXE/nLy (AL - 1AL 
f LIE "2d 


Af s GA - jd 7x10? (C9) X40C9)(440 C9)(440 Hz) = 0.15 Hz 


The frequency decreases since the length increases 


O) v= /F/n = FLjm 


Av. $£(FLIm) (Fm) AL AL. aAT 


Y JFL/m x 3 
= TEE 107 (C9) (40C°) = 34 x107 = 0.034% 
(c) X = 2L AX = 2AL — 9 = B= = SAT 
= (1.7x 107 C X40C°) = 6.8x107* = 0.068% : 


it increases 


17.83: Both the volume of the cup and the volume of the olive oil increase when the 
temperature increases, but £ is larger for the oil so it expands more. When the oil starts 


to overflow, 
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AV a = AV, + (1.00x 10” m)A, where 4 is the cross-sectional area of the cup. 
AV, = V, BAT = (9.9 cm)AB AT 
AV us = Vo gas P gian AT = (10.0 cm)AB,,.,AT 
(9.9 cm) Afa AT = (10.0 cm) AA ya AT + (1.00x 10” m)A 
The area A divides out. Solving for AT gives AT 215.5 C? 
IT;—1 AT -31559C 


17.84: Volume expansion: dV = £V dT 
dV/dT Slope of graph 
a o — 
Construct the tangent to the graph at 2°C and 8°C and measure the slope of this line. 
At 22*C :Slopess 2239 and V = 1000 cm* 
pee peste 
1000 cm 
The slope in negative, as the water contracts or it is heated. At 
8° C : slope ~ 224^ and V = 1000cm* 
,, 0.24em'/4C° 


1000 cm” 
The water now expands when heated. 


e —3x10°(C°y" 


e 6x107°(C2)7 


17.85: AL, -- AL, — 0.40cm (a = aluminum, s = steel) 


AL — La AT, so 

(24.8 cm)(2.4 x10? (C9) NAT + (34.8cmy(1.2« 10^ (C9) NAT = 0.40cm 
AT 2395€? 

T,—T +AT = A15?C 


17.86: a) The change in height will be the difference between the changes in 
volume of the liquid and the glass, divided by the area. The liquid is free to 
expand along the column, but not across the diameter of the tube, so the increase 
in volume is reflected in the change in the length of the columns of liquid in the 
stem. 


-AF V 
3 = =F iwa Pas AT 


_ (100x10% m?) 
(50.010 m^) 


AP... 
b) Ak = ——* 


(8.0010 * K^ —2.00x10 ^? K )(30.0K) 
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=4.68x10° m 


17.87: To save some intermediate calculation, let the third rod be made of 

fractions f, and f, of the original rods; then f + f£, ^ land f (0.0650) 

+ f (0.0350) = 0.0580. These two equations in f, and f, are solved for 
0.0580— 0.0350 

= ET GEE = 1 — 5 

^ a 0650-0.0350" ^ 7174 

and the lengths are f, (30.0 cm) = 23.0cmand f,(30.0 cm) = 7.00 cm 


17.88: a) The lost volume, 2.6 L, is the difference bebween the expanded volume 
of the fuel and the tanks, and the maximum temperature difference is 
AV 


VI ML  — 
(Besa at Ên Ww 
E (2.6x10? m^) 
(9.5x107*(C9) — 7.2x1077(C9))(106.0» 10^ m?) 
-2.78 C9, 


or 28?C to two figures; the maximum temperature was 32?C. b) No fuel can spill if the 
tanks are filled just before takeoff. 


17.89: a) The change in length is due to the tension and heating 


at = £4 aAT. Solving for F/ 4, £- Y(4 — aAT) 


b) The brass bar is given as ^heavy" and the wires are given as "fine," so it may be 
assumed that the stress in the bar due to the fine wires does not affect the amount by 
which the bar expands due to the temperature increase. This means that in the equation 
preceding Eq. (17.12), AZ is not zero, but is the amount &,,.,^7' that the brass 


expands, and so 


à. | "8 


= eel Pasa Ne Qa AT 
= 20x10? PaX2.0: 107 (C9) —1.2 x10 (C9) )1209C) 
— 1.92 x 10? Pa. 


17.90: In deriving Eq. (17.12), it was assumed that AZ = 0; if this is not the case when 
there are both thermal and tensile stresses, Eq. (17.12) becomes 

AL= (sar + x) 
AY 


For the situation in this problem, there are two length changes which must sum to zero, 
and so Eq. (17.12) may be extended to two materials a and b in the form 
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t [nar + x + fal A? + ax) - 0. 
Note that in the above, AT, F and 4 are the same for the two rods. Solving for the stress 
FJA, 
Bo Abn, + Apio 


A  (L,/Y)-Gs/X) 
_ (1210? (C9) 0.350 m) + (2.4x 107° (C9) (0.250 m) 


60.0C° 
((0.350 m)/2010'° Pa) + (0.250 m/7 x 10? Pa)) ( ) 
=~1.2x10° Pa 
to two fieures. 
17.91: a) AT =28-___OO'?") ___ 67 C° to two figures, so the ring should be 


ay a 2x107? (C?y (2.5000in.) 
warmed to 87°C. b) the difference in the radii was initially 0.0020 in., and this must be 
the difference between the amounts the radii have shrunk. Taking A, to be the same for 
both rings, the temperature must be lowered by an amount 
AR 


(ass T Bete YR 
(0.0020 in.) 


z =100C 
(2:0x10*(c9Y" — 1.2107 (C°y" J2.50in.) 


to two figures, so the final temperature would be —80°C. 


AT = 


o 


17.92: a) The change in volume due to the temperature increase is SVAT, and the 
change in volume due to the pressure increase is — £ Ap (Eq. (11.1 3) Setting the net 
change equal to zero, AVAT = V 2, or Ap = BBAV. b) From the above, 

Ap = (1.6x10" Pa f3.0x107 K^ [15.0K))- 8.64 10" Pa. 


17.93: As the liquid is compressed, its volume changes by an amount AV — —ApEV,,. 
When cooled, the difference between the decrease in volume of the liquid and the 
decrease in volume of the metal must be this change in volume, or (a, — a, WAT = AP. 
Setting the expressions for AV equal and solving for AT gives 
Ap. Apk | (5.065 x 10° Pa fg.50x10 " Pa’ 
a,—a, (1390x10^K'—-48x10*K"' 
so the temperature is 20.2?C. 


-—9.76 C^, 
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17.94: Equating the heat lost be the soda and mus to the heat gained by the ice and 
solving for the final temperature T = 


(2.00 ke Y4190 J/kg -K }+ (0.257 kg X910 J/kg - K )K20.0C°) 
le (0.120 kgY(2100 J/kg- K 15.0 C°) + 334 10° J/kg) | 

(2.00 ke Y4190 J/kg- K )+ (0.257 kg X910 J/kg- K )-- (0.120kg Y4190J/kg - K) 

=14.1°C. Note that the mass of the ice (0.120 kg) appears in the denominator of this 


expression multiplied by the heat capacity of water; after the ice melts, the mass of the 
melted ice must be raised further to T. 


2 2 7 2 
17.95: a) K a __v'_ _ oon gg 
Q  cmAT 2cAP  X910J/kg.K X600C?) 
b) Unless the kinetic energy can be converted into forms other than the increased 
heat of the satellite cannot return intact. 


17.96: a) The capstan is doing work on the rope at a rate 
2x -2 2x 
P- to - AFr— - (520NJ5.0x10 7 m. — —.- 182 W, 
Mi: adc i (0.90s) 


or 180 W to two figures. The net torque that the rope exerts on the capstan, and hence the 


net torque that the capstan exerts on the rope, is the difference between the forces of the 
ends times the radius. A larger number of turns might increase the force, but for given 
forces, the torque is independent of the number of turns. 

dT _ dQ/dt _ Bp (182 W) 


b) — MM — — = 0.064 Cs. 
dt mc mc  (6.00kg)(470 J/mol- K) 


17.97: a) Replacing m with nM and nMc with nC, 
= d nk pt 3 = nk 4 4 
Q= [ao- ai. T at=- 1"). 
For the given temperatues, 
Q- (1.50 mol) 940 J/mol - K) 
4(281Ky 
b) ££. = meeue = 1.86 J/mol-K. 


c) C = (1940 J/mol-K) (40.0 K/281 KY = 5.60 J/mol- K. 


((40.0K)' — (10.0 K)*) = 83.6 J. 


17.98: Setting the decrease in internal energy of the water equal to the final 
gravitational potential energy, LP „V, -- C, p, V, AT — mgh. Solving for à, and inserting 
numbers: 
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Para (Le + C, AT) 
mg 


_ (1000 ke /m^1.9».8x.1m 3334x100 J/kg + (4190 J/kg -° C379 C) 


(70 ke)(9.8 m/s?) 


h- 


=1.08x10° m =108 km. 


17.99: a) (90)(100 W)(3000 s) = 2.7 x10" J. 
b) AT= 2... = t - — nw d ccm Ano s. 
cm cpF a 020 J/kg- Kj. 20ke/m 3200 m°) 
or 6.9 C? to the more apropriate two figures. c) The answers to both parts (a) and (b) are 
multiplied by 2.8, and the temperature rises by 19.3 C°. 


17.100: See Problem 17.97. Denoting Cby C — a-- 5T, a and b independent of 
temperature, integration gives. 


9- (ad -m«3a:-)) 


In this form, the temperatures for the linear part may be expressed in terms of Celsius 
temperatures, but the quadratic must be converted to Kelvin temperatures, 
T, = 300K and 7, = 500K. Insertion of the given values yields 
Q = (3.00 mol)(29.5 J/mol- K)(500 K - 300K) 
+ (4.10x 107 J/mol. K?*)((500 K)? — (300 K)?)) 
1.97 x10* J. 


17.101: a) To heat the ice cube to 0.0?C, heat must be lost by the water, which 


means that some of the water will freeze. The mass of this water is 
O 
— d C AT... E (0.075 ke)(2100 Ys. K)(10.0 C?) = 472x107 kg 24.72 g. 
L; (334x10 J/kg) 
b) In theory, yes, but it takes 16.7 kg of ice to freeze 1 kg of water, so this is 
impractical. 


17.102: The ratio of the masses is 
E (4190 J/kg -K)(42.0K) P 
m, "ES AT. +L, (4190 J/kg -KX(65.0 K)+ 2256x10° J/kg 


so 0.0696 ke of steam supplies the same heat as 1.00 ke of water. Note the heat 
capacity of water is used to find the heat lost by the condensed steam. 
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17.103: a) The possible final states are steam, water and copper at 100°C, water, 


ice and copper at 0.0°C or water and copper at an intermediate temperature. 
Assume the last possibility; the final temperature would be 


(me ke)((4190 J/kg- K)(100C9) + 2256 x10? J/kg) 


ae — (0.0950 ke (334 x10? J/kg) | — 
~ ((0.0850kg)4190J/kg-K)--(0446kg)G90 J/kg-K)| — 
+ (0.0950 kg4190 J/kg- K) 


This is indeed a temperature intermediate between the freezing and boiling points, 
so the reasonable assumption was a valid one. b) There are 0.13 ke of water. 


17.104: a) The three possible final states are ice at a temperature below 0.0°C, an ice- 
water mixture at. 0.0? C or water at a temperature above 0.0°C. To make an educated 
guess at the final possibility, note that (0.140kg)(2100 J/kg- K)(15.0C?) —4.41kJ are 
needed to heat the ice to 0.0°C, and (0.190 kg)(4190 J/kg-K)(35.0C?) —27.9k] must 
removed to cool the water to 0.0?C, so the water will not freeze. Melting all of the ice 
would require an additional (0.140 kg)(334 x 10^ J/kg) — 46.8kJ, so some of the ice 
melts but not all; the final temperature of the system is 0.0°C. 


Considering the other possibilities would lead to contradictions, as either water 
at a temperature below freezing or ice at a temperature above freezing. 
b) The ice will absorb 27.9 kJ of heat energy to cool the water to 0°C. Then, 


_ (279 kI-44l k) — . 3 : 
m— ke 0.070 kg will be converted to water. There will be 0.070 kg of ice and 


0.260 kg of water. 


17.105: a)Ifallof the steam were to condense, the energy available to heat the water 
would be (0.0400kg)(2256»10* J/kg) — 9.02 x 10* I. If all of the water were to be heated 
to 100.0°C, the needed heat would be (0.200ke)(4190 J/kg -K)(50.0 C?) = 4.19 x 10* J. 


Thus, the water heats to 100.0°C and some of the steam condenses; the temperature of 
the final state is 100°C. 

b) Because the steam has more energy to give up than it takes to raise the water 
temperature, we can assume that some of the steam is converted to water: 


4.19x10* J 
m= — 
2256x10° J/kg 
Thus in the final state, there are 0.219 kg of water and 0.021 kg of steam. 


= 0.019 kg. 


17.106: The mass of the steam condensed 0.525 kg — 0.490 ke = 0.035 kg. The heat lost 
by the steam as it condenses and cools is 
(0.035 ke). + (0.035 ke)(4190 J/kg - K)(29.0 K), 


www.FreeLibros.me 


and the heat gained by the original water and calorimeter is 
((0.150 kg)(420 J/kg -K)+ (0.340 kg)(4190 J/kg -K))(56.0K) =8.33x10* J. 
Setting the heat lost equal to the heat gained and solving for L, gives 2.26x10° J/kg, or 


2.3x10* J/kg to two figures (the mass of steam condensed is known to only two 
figures). 


17.107: a) The possible final states are in ice-water mix at 0.0°C,a water-steam mix at 
100.0°C or water at an intermediate temperature. Due to the large latent heat of 
vaporization, it is reasonable to make an initial guess that the final state is at 100.0°C.To 
check this, the energy lost by the steam if all of it were to condense would be 

(0.0950 ke)(2256 x10 J/kg) = 2.1410? J. The cnergy required to melt the icc and heat 
it to 100°C is (0.150 kg)(334x 10" J/kg + (4190 J/kg -K)(100 C9)) 2 1.13 x1 J, and the 
energy required to heat the origianl water to 100°C is (0.200ke)(4190 J/kg.K) 

(50.0C°) = 4.19 x 10* J. Thus, some of the steam will condense, and the final state of the 
system wil be a water-steam mixture at 100.0°C. 


b) All of the ice is converted to water, so it adds 0.150 ke to the mass of water. 
Some of the steam condenses giving up 1.55 10° J of energy to melt the ice and raise the 


temperature. Thus, m = ea = 0.69 kg and the final mass of steam is 0.026 kg, and 


of the water, .150 ke +.069 kg +.20 kg = 0.419 kg. 


c) Due to the much larger quantity of ice, a reasonable initial guess is an ice-water 
mix at 0.0? C. The energy required to melt all of the ice would be 
(0.350kg) (334x10* J/kg)= 1.17x10° J. The maximum energy that could be 
transferred to the ice would be if all of the steam would condense and cool to 0.0°C and 
if all of the water would cool to 0.0C, 

(0.0120) kg (2256x 10* J/kg + (4190 J/kg- K)(100.0 C?)) 
Tt (0.200 kg)(4190 J/kg - KY40.0 C°) = 6.56x10* J. 

This is insufficient to melt all of the ice, so the final state of the system is an ice-water 


mixture at 0.0? C. 6.56x 10* J of energy goes into melting the ice. So, m — s ur 


— 0.196 ks. So there is 0.154 ke of ice, and 0.012 kg + 0.196 ke + 0.20 ke = 0.408 ke of 
water. 


17.103: Solving Eq. (17.21) for k, 
a 
k=H AT = (180W) (3.9x10™ m) 


= 5.0x10°? W/m-K. 
AAT (2.18 m’)(65.0K) 
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o 
17409: a) H= ka = (0.120 J/moL.K) (2.00% 0.95 m° | 250€ | 


5.0x10 7 m4 13x10 ^ m 
=93.9 W. 
b) The flow through the wood part of the door is reduced by a factor of 
1-3» = 0,868 to 81.5 W . The heat flow through the glass is 


~ (200x035) 
o 


rls ae 


and so the ratio is 5:253 = 1,35, 


17.110: R= ;-,R.=%,H, = H, andso AT, = 4 R, AT, = t R, The temperature 
difference across the combination is 


AT = AT, + AT, Ed ig ae 
A A 
s0, R = R +R. 


17.111: The ratio will be the inverse of the ratio of the total thermal resistance, as given 
by Eq. (17.24). With two panes of glass with the air trapped in between, compared to the 
single pane, the ratio of the heat flows is 


(Lgs) Kaas) + Ro + a IR) 
uus Kea + Ro 


5 


where R, is the thermal resistance of the air films. Numerically, the ratio is 
2((4.2x 10? m)/(0.80 W/m- K))- 0.15 m^ -K/W + ((7.0x10? m)/(0.024 W/m- K)) 


(4.2x 10? m)/(0.80 W/m- K)+0.15 m^ -K/W 


17.112: Denote the quantites for copper, brass and steel by 1, 2 and 3, respectively, and 
denote the temperature at the junction by 7,. 


a) H, = H, + H,, and using Eq. (1 7.21) and dividing by the common area, 


7 (noc —7,)= 27, += 


E. 
L 2 L, 


Solving for 7, gives 
k fL 
T, = - ( i£ J (100°C) 
(k, {i )+ (e, [Ly + (k,/Ls) 
Substitution of numerical values gives 7, = 78.4?C. 
b) Using H — AT for each rod, with A7, = 21.6 C°, AT, = AT, = 78.4?C gives 
H, 212.8 W, H, = 9.50 W and H, = 3.30 W . If higher precision is kept, Æ, is seen to be 
the sum of H, and H,. 
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= 2.9. 


17.113: a)SeeFigure 17.11. As the temperature approaches 0.0°C, the coldest water 


rises to the top and begins to freeze while the slightly warmer water, which is more 
dense, will be beneath the surface. b) (As in part (c), a constant temperature difference is 
assumed.) Let the thickness of the sheet be x, and the amount the ice thickens in time 
dt be dx. The mass of ice added per unit area is then p, dx, meaning a heat wansfer of 
Poele dx. This must be the product of the heat flow per unit area times the time, 
(Hj A)dt = (kAT/x dt. Equating these expressions, 
Pin ele dx = = di or xdx= B. dt. 
x Picek 
‘Ibis is a separable ditterential equation; integrating both sides, setting x = Uat t= U, 
gives 
B 2kAT , 
Xx 
E 
The square of the thickness is propotional to the time, so the thickness is propotional to 
the square root of the time. c) Solving for the time in the above expression, 


_ G20kg/m* 34x10 3/1) 0 35m} c 6.010% 8 


2(1.6 J/mol- K X109C) 
d) Using x = 40 m in the above calculation gives t —1.5x 10? s, about 500 y, a 
very long cold spell. 


17.144: Equation(17.21) becomes E =k4=. 
a) H -(380J/kg- K)(2.50x10* m?y(140 Kr 13.3 W. 
b) Denoting the points as 1 and 2, H, — H, = 2 me. Solving for = at 2, 
£ _ oF E 
Ox|, Ox| kA Ot 
The mass m is pAAx, so the factor multiplying = in the above expression is 
2 Ax —137 s/m. Then, 
oT 


- 140 C°/m + (137 s/m)(0.250 C%/s) 2174 C*/ m. 


2 


17.115: The mass of ice per unit area will be the product of the density and the 
thickness x, and the energy needed per unit area to melt the ice is product of the mass per 
unit area and the heat of fusion. The time is then 
pxl;  (920kg/m^)(2.50x107 m)(334x10° L/kg) 
P/A 7 (0.70)(600 W/m°) 
=18.3x10° s = 305 min. 
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f= 


17.116: a) Assuimg no substantial energy loss in the region between the earth and the 
sun, the power per unit area will be inversely proportional to the square of the distance 
from the center of the sun, and so the energy flux at the surface of the sun is 


(1.5010 W/m?) toa - = 6.9710’ W/m’. b) Solving Eq. (17.25) with e —1, 


626x10" 


; i 
gu [4 69710 W/m? -| =5920K 
Ag 5.67 x10°* W/m? -K 


17.117: The rate at which the helium evaporates is the heat gained from the 
surroundings by radiation divided by the heat of vaporization. The heat gained from the 
surroundings come from both the side and the ends of the cylinder, and so the rate at 
which the mass is lost is 


had +2n(d/2) ber? — T* 
r; 


v 


ke m (0.090 m)+ 2z(0.045 m (200) 
| x (5.6110 W/m? -K*f73Ky - | 
2.09 x10* J/kg 
=1.62x10 kg/s, 
which is 5.82 g/h. 


17.118: a) With Ap = 0, 


pAV = nRAT = FAT, 
or 
b) Pris l =67. 


Bapa (293 KX(5.1x107 K") 


17.119: a)At steady state, the input power all goes into heating the water, so 
P=H=cAT and 
gus D og RUM E 
c(dmjdt) (4190 J/kg- K)(0.500 kg/min)/(60 s/min) 
and the output temperature is 18.0°C+51.6°C. b) At steady state, the apparatus will 
neither remove heat from nor add heat to the water. 
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17.120: a) The heat generated by the hamster is the heat added to the box; 
p- me = (1.20 ke/'m*)(0.0500 m?)(1020 J/mol-K)(1.60 C°/h) = 97.9 J/h. 


b) Taking the efficiency into account, 
M FE  Pjd 0%) .,979 Jh 


17.121: Fora spherical or cylindrical surface, the area 4 in Eq. (17.21) is not constant, 


and the material must be considered to consist of shells with thickness dr and a 
temperature difference between the inside and outside of the shell 27. The heat current 
will be a constant, and must be found by integrating a differential equation. a)Equation 
(17.21) becomes 

H dr 


Any? 
Integrating both sides between the Me limits, 


a(t zem - 0. 
In this case the "appropriate limits” have been chosen so that if the inner temperature f, 
is at the higher temperature 7, , the heat flows outward; that is,  < 0. Solving for the 
heat current, 


H - k(Anr? D or — 7 - kdT. 


_ kAzab(T, - 1) 
b-a j 
b) Of the many ways to find the temperature, the one presented here avoids some 
intermediate calculations and avoids (or rather sidesteps) the sign ambiguity mentioned. 
above. From the model of heat conduction used, the rate of changed of temperature with 
radius is of the form € = = , with B a constant. Integrating from r= a to r and from 
r =a tor =b gives 
T(r)-T, =a( 2-2) and J -R = (4-3) 
à T a b 


Using the second of these to eliminate B and solving T(r) (and rearranging to eliminate 
compound fractions) gives 


T()-1,-G,- 7-5 


There are, of course, many equivalent forms. As a check, note that at r = 2,7 = f, 
andatr—b,T =f. c) As in part (a), the expression for the heat current is 
H- iir yet. Or EM. — kLdT, 
dr 2ar 
which integrates, with the same condition on the limits, to 


H " R 2L, -1,) 
z Inb/a) - KL(T, -1) or H - NE 


www.FreeLibros.me 


d) A method similar (but slightly simpler) than that use in part (b) gives 
In(r/a) 
T(r)- T, + (T, - T,) ——. 
()- T, €, 2) nja) 
e) For the sphere: Let b-— a=}, and approximate b ~ a, with a the common radius. 
Then the surface area of the sphere is 4 — 4ra’, and the expression for H is that of Eq. 


(17.21) (with ? instead of £, which has another use in this problem). For the cylinder: with 
the same notation, consider 


where the Taylor series approximation for In(1-- £) for small ¢ has been used. The 
expression for H then reduces to k(2xLa XAT / i), which is Eq. (17.21) with 4 = 2zLa. 


17.122: From the result of Problem 17.121, the heat current through each of the jackets 
is related to the temperature difference by H = mony? where / is the length of the 
cylinder and 5 and a are the inner and outer radii of the cylinder. Let the temperature 
across the cork be A7, and the temperature across the styrofoam be A7,, with similar 
notation for the thermal conductivities and heat currents. Then, AT, + AT, - AT = 
125 C°. Setting H, = H, = H and canceling the common factors, 

ATk, ATK, 

1n2 > Inks 


k, InL5]| 
k, In2 | 
Substitution of numerical values gives AT, = 37 C°, and the temperature at the radius 

where the layers meet is 140°C — 37°C = 103°C. b) Substitution of this value for A7, into 


the above expression for H, = H gives 


2 22(2.00 m\(0.04 J/mol- K) 37 C9)- 27 W 
n? i 


Eliminating A7, and solving for A7, gives A7, = ri + 


H 


17.423: a) 


>» 
u.1u 
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b) After a very long time, no heat will flow, and the entire rod will be at a uniform 
temperature which must be that of the ends, 0°C. 


c) 


d) £ = (1009 CYz/ L Icoszx/L. At the ends, x = Qand x = L, the cosine is +1 and the 
temperature gradient is + ü 00°C\n/ 0.100 m)= +3.14x10° C°/m. e) Taking the phrase 
“into the rod” to mean an absolute value, the heat current will be £427 = 
(385.0 W/m- K) (1.00x10* m?)(3.14x 10* C°/m) - 121 W. f) Either by evaluating = at 
the center of the rod, where zx/ L = x/2 and cos(z/2)— 0, or by checking the figure in 
part (a), the temperature gradient is zero, and no heat flows through the center; this is 


consistent with the symmetry of the situation. There will not be any heat current at the 
center of the rod at any later time. g) See Problem 17.114; 

k e CR nn m' /s. 

pc (89x10! ke/m^y(390 J/kg- K) 

h) Although there is no net heat current, the temperature of the center of the rod is 

decreasing; by considering the heat current at points just to either side of the center, 
where there is a non-zero temperature gradient, there must be a net flow of heat out of the 
region around the center. Specifically, 


H((L/2) Ax) - H((L/2) - Ax) = paine Z 
ex CZ/2)5 &x ex (Z/2)-Ax 
2 
from which the Heat Equation, 
oT k oT 
Ot pc Ox? 


is obtained. At the center of the rod, 27 = (100 C9Y(z;/ Ly and so 


oT 


wu na" aff amc 2 


0.100m 


2 
| ——10.9 C*/s, 
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or — 11 C°/sto two figures. i) + Boc es —9.17s. j)Decrease (that is, become less 


negative), since as 7 decreases, 2 2r = decreases; this is consistent with the graphs, which 
correspond to equal time intervals. k) At the point halfway between the end and the 
center, at any given time tis a factor of sin (z/ 4)- 1/ 42. less than at the center, and so 


the initial rate of change of temperature is — 7.71 C*/s. A plot of temperature as a function 
of both position and time for 0 < + € 50s is shown below. 


17.124: a) In hot weather, the moment of inertia 7 and the length d in Eq. (13.39) will 
both increase by the same factor, and so the period will be longer and the clock will run 
slow (lose time). Similarly, the clock will run fast (gain time) in cold weather. (An ideal 


pendulum is a special case of physical pendulum.) b) 4£=aAT -(12x10^?(C9)' 


Z% 
x (10.0C°)=1.2x10*. c) See Problem 13.97; to avoid possible confusion, denote the 
pendulum period by z. For this problem, & = 142 = 6.0x 107^, so in one day the clock 


dr 


will gain (86,400s)(6.0x107) = 5.2 s so two figures. d)|4- 
AT «2((1.2x10? (C9))x (86400))! =1.93 C°. 


= (1/2)aAT < (86,400)", so 


17.125: The rate at which heat is aborbed at the blackened end is the heat current in the 
rod, 

dolls - 71-41, - 1. 
where 7 = 20.00K and T, is the temperature of the blackened end of the rod. If this were to 
be solved exactly, the equation would be a quartic, very likely not worth the trouble. 


Following the hint, approximate 7, on the left side of the above expression as 7' to 
obtain 


7-17, +o" -15)- T, (679x107? KXT! —7*) = 7, +0.424K. 
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This approximation for 7,is indeed only slightly than 7, and is a good estimate of the 


temperature. Using this for 7,in the original expression to find a better value of AT 


gives the same AT to eight figures, and further, and further iterations are not worth — 
while. 


À numerical program used to find roots of the quartic equation returns a value for 
AT that differed from that found above in the eighth place; this, of course, is more 
precision than is warranted in this problem. 


17.126: a) The rates are: 
(i) 280 W, 
(ii) (54 J/h - C° -m?)(1.5 m?)01C?)/(3600 s/h) = 0.248 W, 
(iii) (1400 W/m^y1.5m^) = 2.1010? W, 
(iv) (5.67 x10? W/m? - K*Y1.5m^y320 K)' — (309K*) - 116 W. 
The total is 2.50 kW, with the largest portion due to radiation from the sun. 
T 2.50x10 W 
pL, (1000kg/m^y2.42x10^ J/kg- K) 


v 


=1.03 x10? m/s = 3.72 L/h. 


c) Redoing the above calculations with e = 0 and the decreased area gives a power 
of 945 W and a corresponding evaporation rate of 1.4 L/h. Wearing reflective clothing 


helps a good deal. Large areas of loose weave clothing also facilitate evaporation. 

In doing the numerical calculations for the exercises and problems for this chapter, the 
values of the ideal-gas constant have been used with the precision given on page 501 of 
the text, 


R —8.3145 J/mol- K = 0.08206 L -atm/mol- K. 


Use of values of these constants with either greater or less precision may introduce 
differences in the third figures of some answers. 


18.1: a) n2 m,/M = (0.225 ke)/(400 x 105 kg/mol) - 56.3 mol. b)Ofthe many ways 
to find the pressure, Eq. (18.3) gives 


ART  (56.3mol)(0.08206 L - atm/mol- K)(291.15 K) 
V (20.0L) 


= 67.2 atm = 6.81x 10? Pa. 


18.2: a) The final temperature is four times the initial Kelvin temperature, or 4(314.15 
K) -273.15=983°C to the nearest degree. 
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b) m, = naf = MEV. (00x10? g/mol) 1.30 atm\2.60L) _ $ 34 ia 
à RT . (008206L-atm/mol- K)(314.15 K) : 


18.3: For constant temperature, Eq. (18.6) becomes 


p, = p (V, /V,) = 3.40 atm)(0.110/0.390) = 0.96 atm. 


18.4: a) Decreasing the pressure by a factor of one-third decreases the Kelvin 
temperature by a factor of one-third, so the new Celsius temperatures is 1/3(293.15 K) — 
273.15=—175°C rounded to the nearest degree. b) The net effect of the two changes is 
to keep the pressure the same while decreasing the Kelvin temperature by a factor of one- 
third, resulting in a decrease in volume by a factor of one-third, to 1.00 L. 


18.5: Assume a room size of 20 ft X 20 ft X 20 ft 


V — 4000 f? =113 n’. Assume a temperature of 20°C. 
pV (1.01x10° Pa)d13m?) 


pV=nRT Yon! SBS TH 
RT (8.315 J/mol- K)293K) 


N 2 nN , 2 2.8x10? molecules 


NX 2.8 x 10? molecules 


a^ TT mem = 2.5x10? moleculesicm? 
x cm 


b) 


18.6: The temperature is 7 = 22.0°C = 295.15K. (a) The average molar mass of air is 
M -28.8x10? kg/mol,so 
E PY y _ @.00atm)(0.900 L)(28.8x 10? kg/mol) 
RT (0.08206 L -atm/mol- K)(295.15K) 
(b) For Helium M = 4.00x10™ kg/mol, so 
y PY y _ (1.00 atm)(0.900 L)(4.00 x1 0? kg/mol) 
RT (0.08206 L -atm/mol-K)(295.15 K) 


=1.07 x10 kg. 


Mot = 


7 1.49x10 * kg. 


18.7: From Eq. (18.6), 


y, 2.821x10° Pa)(46.2cm° 
T,-T0 |j? = | = (300.15 6 D =776K = 503°C. 


p (1.01 10^ Pay(499cm*) 
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V SN 5 
— — (82.010? kg/molf4.013»10? Pa fo.0750m*) _ — 


a (8.3145 J/mol- K 310.15 K) 


b) Using the final pressure of 2.813 10° Pa and temperature of 
295.15 K, m' = 0.275 ke, 


so the mass lost is 0.098 ke where extra figures were kept in the intermediate calculation 
of m,,. 


18.9: From Eq. (18.6), 


7, YF, ;S ( 43015K Y 0.750 n? 
= p,|— | — |=(.50«10° Pay) ———— | ———_ |=3.36x10 Pa. 
i z| I aaa E2231 ar | nissim 


18.10: a) na PY ,  QO0amXMOx10 L) —— ^. i mol. 
RT (0.08206 L - atm/mol-K) (295.15 K) 


b) (32.0107 kg /mol)(5.78x10° mol) 2185 kg. 
18.14: V, - (T, /T,)= (0.600L)(77.3/292.15) = 0.159L.. 


18.12: a) nRT/V =7.28x10° Pa while Eq. (18.7) gives 5.87x10° Pa. b) The van der 


Waals equation, which accounts for the attraction between molecules, gives a pressure 
that is 20% lower. 
c) 7.28 x10? Pa, 7.13x10° Pa, 2.1%. d) As n/V decreases, the formulas and the 


numerical values are the same. 


18.13: Atconstant temperature, p; = p, (V, /¥,)= (1.0atmy(6.0/5.7) — 1.1atm. 


18.14: a) =22 —(3.50(25€) = 3.74. b) Lungs cannot withstand such a volume 


change; etu is a good idea. 


1845: a) T,- PF (100atm)(3.10L) 

nR (11.0 mol)(0.08206 L- atm/mol- K) 
b) This is a very small temperature increase and the thermal expansion of the tank 

may be neglected; in this case, neglecting the expansion means not including expansion 
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— 343 K - 70.3?C. 


in finding the highest safe temperature, and including the expansion would tend to relax 
safe standards. 


18.16: (a) The force of any side of the cube is F = på = (nRT/V)A = (nRT)/L, since 
the ratio of area to volume is A/V =1/L. For T = 20.0? C = 293.15K. 


FL 3 = 3.66x10° N. 


b) For 7 =100.00°C =373.15 K, 


panii -Cmos Meo EOS) ee odo og 


18.17: Example 18.4 assumes a temperature of 0? C at all altitudes and neglects the 
variation of g with elevation. 


-Mg !RT 


With these approximations, p = poe 
We wantyfor p=0.90p, so 0.90=e "9" and 
"EEUU E en 

Mg 


(We have used M = 28.8 x10 * kg/mol for air.) 


18.18: From example 18.4, the pressure at elevation y above sea level is p = pe "9" *, 
The average molar mass of air is M = 28.8x10 ^ kg/mol, so at an altitude of 100 m, 


Magy, _ Q8.8»107 kg/mol)9.80 m/s" y100 m) 


= 0.01243, 
RT (8.3145 J/mol-K)(273.15 K) 


and the percent decrease in pressure is 1— p/ p, 21—6 ??'?5 = 0.0124 = 1.24%. At an 
altitude of 1000 m, Mgy, / RT = 0.1243, and the percent decrease in pressure is 


1—-e°'™ = 0.117 =11.7%. These answers differ by a factor of 
11.7% /1.2496 = 9.44, which is less than 10 because the variation of pressure with altitude 
is exponential rather than linear. 
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18.19: p = p,e ^*^" from Example 18.4. 


Eq. (18.5) says p = (p/ M)RT. Example 18.4 assumes a constant 
T — 273 K, so p and p are directly proportional and we can write 


—MgylRT 


P= pE 
For y=100 m, He = 0.0124, so p = p,e ??' = 0.988, 


The density at sea level is 1.2% larger than the density at 100 m. 


18.20: Repeating the calculation of Example 18.4 (and using the same numerical values 
for R and the temperature gives) p= (0.537)p,,. = 5.44x 10* Pa. 


18.21: 
p-pRTÍM = (0.364 kg/m? X8.31453/mol- K)(273.15K —56.5K)/(28.8 x10? kg/mol) 
= 2.28 x10* Pa. 


18.22: 
M = N,m=(6.02x 10” molecules/mol)(1.41»10 ?' kg/molecule) = 849kg/mol. 


18.23: Find the mass: m= nM = (3.00 mol)(63.546» 10? kg/mol) = 0.1906 kg 


18.24: N-aN, ps 


_ (9.119x10? PaX(1.00x 107 m^) 
(8.3145 J/mol- K)(300K) 


= 2.20x10° molecules. 


(6.023x10" molecules/ mol) 


18.25: a) 
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gu Em: (so x10 d (0.08206 L -atm/mol- K)(7500K) 
N 


L (6.023» 10? molecules/mol) 


=8.2x10™" atm, 


about 8.2» 10 Pa. This is much lower, by a factor of a thousand, than the pressures 


considered in Exercise 18.24. — b) Variations in pressure of this size are not likely to 
affect the motion of a starship. 


18.26: Since this gas is at standard conditions, the volume will be 


V -—(224x10^? m^) T = 2.23x10 ^ m” , and the length of a side of a cube of this 
4 


1 
volume is (2.23x10 5 m^)? = 6.1x107° m. 


1000g 
18.0 g/mol 


3.3510" molecules. 


18.27: = 55.6 mol, which is (55.6 mol)(6.023 x 10? molecules/mol)= 


18.28: a) The volume per molecule is 


V nRT/Íp RT 
NO un, Ny 
7 (8.3145 J/mol- K)(300.15K) 

~ (6.023 x10? molecules/mol)(1.013x 10° Pa) 


=4.091x10 m*. 
If this volume were a cube of side Z, 


1 


L=(4.091x10-* m°)? =3.45x10° m, 


which is (b) a bit more than ten times the size of a molecule. 


18.29: 
a)V = mj p = n M | p = (5.00 molX18.0g/mol)/(1.00 g/cm’ )- 90.0 cm? = 9.00107 m°. 
b) See Excercise 18.28; 
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3 1/3 " Lis 
| V Bd d.e: 9.00x10^m 
N uN’, (5.00 mol \6.023 x10” molecules/mol) 


23.10x10? m 


c) This is comparable to the size of a water molecule. 


18.30: a) From Eq. (18.16), the average kinetic energy depends only on the 
temperature, not on the mass of individual molecules, so the average kinetic energy is the 
same for the molecules of each element. b) Equation (18.19) also shows that the rms 
speed is proportional to the inverse square root of the mass, and so 


Mare. 2018 49] Mum. | 2018 30] ang 
Was 183.80 vua ¥.222.00 

Sig. [ERR nos 

vaa ¥ 222.00 


18.31: a) At the same temperature, the average speeds will be different for the different 
isotopes; a stream of such isotopes would tend to separate into two groups. 


b) JEZ =1.004. 


18.32: (Many calculators have statistics functions that are preprogrammed for such 
calculations as part of a statistics application. The results presented here were done on 
such a calculator.) a) With the multiplicity of each score denoted by 


1/2 
ntheaverageis{ -1 jns = 54.6 ZI: Ew | = 61.1. (Extra significant 


figures are warranted because the sums are known to higher precision.) 


18.33: We known that V, — V, and that F, >T,. 
a) p= nRT/V; we don’t know x for each box, so either pressure could be higher. 


b)p¥ = [Jar so N = em. where N , is Avogadro’s number. We don't know 
4 
how the pressures compare, so either N could be larger. 


cpr = (m/ M)RT. We don’t know the mass of the gas in each box, so they could 
contain the same gas or different gases. 
dimi), = 3k7 
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Ta > Tz and the average kinetic energy per molecule depends only on f, so the statement 
must be true. 


e)v,, =f BRT i'm 
We don’t know anything about the masses of the atoms of the gas in each box, so 
either set of molecules could have a larger v,- 


18.34: Box A has higher pressure than B. This could be due to higher temperature 
and/or higher particle density in 4. Since we know nothing more about these gases, none 
of the choices is necessarily true, although each of them could be true. 


18.35: a) m=m,+m, =3.348x10 kg; T =300x10°K 
Vas = of 3KT'm —1.9x105 mis; v... /c = 0.6496 
b) T= mv, /3k 
For Vp 73.0x10' m/s, T =7.3x10° K 


18.36: From pF =nRT, the temperature increases by a factor of 4 if the pressure and 
volume are each doubled. Then the rms speed v... = JBRT/M increases by a factor of 
44 — 2, so the final rms speed is 2(250 m/s) = 500m/s. 


18.37: a) 3ikT -(3/2)0.381x10 ^ J/K)(300K) - 621x10 ? J. 


2K. 2(6.21x10™ J) 
m — (32.0x10? kg/mol)/(6.023x 10" molecules/mol) 


B ase: [BRT _ 38.3145 J/mol- KJG00K) _ 4 94,192 mls 
M (32.0x10^ kg/mol) 


= 2.34x10 m/s. 


which is of course the square root of the result of part (b). 


-3 
Bomae M. uL eee kg/mol) — 4 34%10? m/s) 
N, (6.023 x10° molecules/mol) 


=2.57x10™ kg. m 


This may also be obtained from 
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JE. 2(6.21x10 ^ 7)(32.0x10* kg/mol) 
des (6.023x10” molecules/mol) 


e) The average force is the change in momentum of the atom, divided by the time 
between collisions. The magnitude of the momentum change is twice the result of part (d) 
(assuming an elastic collision), and the time between collisions is twice the length of a 
side of the cube, divided by the speed. Numerically, 


_ 2mvs mvs’ 2Ks 2(621x10?]) | 


pSGQOQUEEE NUM UE LOU AM duc tr 9 NE 

Us L L (0.100m) 
f) Pae =F fE =1.24x10" Pa. 
g) PJP, = (1.013x10° Pa)/(1.24x10"" Pa )- 8.1510" molecules. 

pV 
h) N=nN, o PLN, 
_(___(1.00aim)(1.00L) — (6.023 x102 molecules/mol ) 
(0.08206 L -atm/mol- K X300 K ) 


= 2.451022 


i) The result of part (g) was obtained by assuming that all of the molecules move 
in the same direction, and that there was a force on only two of the sides of the cube. 


18.38: This is the same calculation done in Example 16-9, but with 
p =3.5010 atm, giving 4 —1.6x10? m. 


18.39: The rms speeds will be the same if the Kelvin temperature is proportional to the 
molecular mass; Ty, = 7, (My, / M ) = (293.15 K Y28.0/2.02) 


=4.06x10° K =3.79x10° °C. 


-23 
18.40: a) EF = a 381 a THEO E = 644» 10^ m/s. b) Tf the particle is 
m 3.00«10 " kg 


in thermal equilibrium with its surroundings, its motion will depend only on the 
surrounding temperature, not the raass of the individual particles. 
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18.41: a) The six degress of freedom would mean a heat capacity at constant volume of 
6(L)R =3R = 24.9 /mol-K. 2 = oot 1.39x10* J/kg-K ,b) vibrations do 
contribute to the heat capacity. 


18.42: a) C, = (C) (molar mass), so (833 J/kg -°C)(0.018 kg/mol) =15.0J/mol-°C 

at —180°C, (1640 J/kg - °C) (0.018 kg/mol) = 29.5 J/kg -°C at — 60°C, (2060 J/kg -°C )x 
(0.01 8 kg/mol) —37.1 V/mol-?C at — 5.0?C. b) Vibrational degrees of freedom become 
more important. c) C, exceeds 3R because H,O also has rotational degrees of freedom. 


18.43: a) Using Eq. (18.26), Q = (2.50 mol (20.79 J/mol- K f30.0K ) - 1.567. 
b) From Eq. (18.25), 3 of the result of part (a), 936 J. 


18.44: a) pun js, HARUM A cs HL i Ke 


741 


which is —— 
4190 


-0177 times the specific heat capacity of water. 


b) mQ4C, AT, —m,C, AT, or m, = Ln . Inserting the given data and the result 


N 


from part (a) gives 
rity, = 5.65 kg; To find and volume, use pF —nRT,or V = "A1 
p 
[(5.65 kg /(0.028 kg/mol )K0.08206 L -atm/mol - K X293 K) 


= 4855 L. 


l atm 


18.45: From Table (18.2), the speed is (1.60)v s, and so 
2 3r 3RT v 
(see Exercise 18.48), and so the temperature is 


T" My’  (28.0x10” kg/mol) 
3(1.60)°R — 3(1.60)^ (8.3145 J/mol- K) 


y! =(4.385x10* K s? /m?)y?. 
a) (4.385 x10* K-s?/m?)(1500 m/s)’ = 987K 
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b) (4.385x10* Ks? /m^)(1000 m/s)! = 438K 


c) (4.385x10* K-s?/m?)(500 m/s)? =110K. 


18.46: Making the given substitution ¢ = jm, 


ub g y2 
JfO)= Ax eee ,| o LUC, E] eee. 
2zkT m m 2xkT 


18.47: Express Eq. (18.33) as f =4se ^, with 4 a constant. Then, 


df =A e hE LS quam = Ae T pu $ 
de kT kT 


Thus, f will be a maximum when the term in square brackets is zero, or £= P. =i 


which is Eq. (18.34). 


18.48: Note that X. E 
m MJIN, M 


a) 42(8.3145 J/mol- K(300K)/ (44.0x 10? kg/mol) = 3.37 x10° m/s. 
b) /8(8.3145 J/mol- K)(300K)/((44.0» 107 kg/mol)) = 3.80x 10? m/s. 


c) /3(8.3145 J/mol- KY300 K)/(44.0 x 10? kg/mol) = 4.12 10" m/s. 


18.49: Ice crystals will form if 7 = 0.0?C; using this in the given relation for 
temperature as a function of altitude gives y=2.5x10° m= 2.5km. 


18.50: a) The pressure must bc above the triple point, p, = 610Pa.If p < p,, thc water 
cannot exist in the liquid phase, and the phase transition is from solid to vapor 
(sublimation). b) p; is the critical pressure, p, = p, = 221x10^ Pa. For pressures 
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below p, butabove p,, the phase transition is the most commonly observed sequence, 
solid to liquid to vapor, or ice to water to steam. 


18.51: The temperature of 0.00? C is just below the triple point of water, and so there 
will be no liquid. Solid ice and water vapor at 0.00°C will be in equilibrium. 


18.52: The atmospheric pressure is below the triple point pressure of water, and there can 
be no liquid water on Mars. The same holds true for CO; 


18.53: a) AV = fV, AT — (3.6x10^/*C) (11 LX21?C) = 0.0083L 
AV — —V, Ap = (6.25 x 10 ^ /Pa((11L) (2.1x10" Pa) =—0.0014L 


So the total change in volume is AV = 0.0083 L — 0.0014 L = 0.0069 L. b) Yes; AV is 
much less than the original volume of 11.0L. 


18.54: m= nM QUE. 
RT 


Ux 3/ mo b x a x m 
. (28.0x10^ kg/moly2.026» 10 * Pa)(3000 x 10 ^ m* 
(8.3145 J/mol-K)(295.15K) 


= 6.94 x 1075 kg. 


ApVM 

RT 
_ (1.05x10* PaX((1.00 myz(0.060 m)^)(44.10x 10? kg/mol) 
E (8.3145 J/mol- K)(295.15K) 


18.55: Am = AnM = 


=0.213kg. 


18.56: a)The height £' at this depth will be proportional to the volume, and hence 
inversely proportional to the pressure and proportional to the Kelvin temperature; 


ksh y Pm r 
ET Be. + pert 
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rs 
- (stia (1.013 x10? Pa) AE 


(1.013 10? Pa) + (1030 kg/m? 9.80 m/s’ )(73.0m) | 300.15K 


= 0.26m, 


so Ah — h — k’ 2 2.04 m. b) The necessary gauge pressure is the term pgy from the above 
calculation, p, = 7.37% 10° Pa. 


18.57: The change in the height of the column of mercury is due to the pressure of the 
air. The mass of the air is 


ARV 

m, = nM = EV y- y 
RT RT 

(13.6x10° ke/m^)(9.80 m/s^)(0.060 m) 


" -4 2 
(0.900 m — 0.690 m))(0.620x 10% m°) [55 $ 5 imo 
(8.3145 J/mol- KY293.15 K) 


-1.23x107g. 


18.58: The density p’ of the hot air must be p’ = p E where p is the density of the 


ambient air and m is the load. The density is inversely proportional to the temperature, so 


-l 
enhn 
p^ p-(m[V) pV 
-1 
= (288.15K) OR ee ___ = 545K, 
(1.23 kg/m? )(500 m?) 
which is 272°C. 
VE. 0.0150m*)(318.15K 
18.59: p, -2 i )- exu CERIO) 2a atm 
VT, (0.0159 m° X(278.15 K) 


so the gauge pressure is 1.92 atm. 
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18.60: (Neglect the thermal expansion of the flask.) a) p, = p,(7,/T)= 
(1.013 10° Pa)(300/380) = 8.00 x10* Pa. 


b) m, = nM = p 
RT, 


1 (8.00x 10* Pa)(1.50 L) 
~ | (8.3145 J/mol- K\(300K) 


Joo g/mol)=1.45¢. 


18.61: a) The absolute pressure of the gas in a cylinder is (1.20«10° -1.013x 10^) Pa 
—1.30x10 Pa. At atmospheric pressure, the volume of hydrogen will increase by a 

1.30x10* 
factor of — — — -, so the number of cylinders is 

1.01x10 

750m" 
Fy 6 me 
(1.90 m° (1.30 1055/(1.01 10^) 


b) The difference between the weight of the air displaced and the weight of the 
hydrogen is 


pM, 
.— p. We=| p= Ly. 
(Par — Pr; YE (pa RT ys 


"t (1.01 10° Pa)(2.02x 10 kg/mol) 
a (8.3145 J/mol: K)288.15 K) 


x (9.80 m/'s*)(750m°*) 
—8.42x10? N. 


c) Repeating the above calculation with M — 4.00x 10? kg/mol gives a weight of 
7.80x10* N. 
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18.62: Ifthe original height is # and the piston descends a distance y, the final pressure 

of the air will be Pol | This must be the same as the pressure at the bottom of the 
M 

mercury column, p... +(eg)y. Equating these two, performing some minor algebra and 


solving for y gives 


(1.013 10? Pa) 


36x10 kg/m y9.80 m/s 140m. 


jerk (0.00 m)- 


18.63: a) The tank is given as being “large,” so the speed of the water at the top of the 
surface iu the tauk may be neglected. The efflux speed is then obtained frou 


Tov =pgAh+Ap, or 


= Ap | _ 2 (3.20 10° Pa) 
v da + 5 | doo m/s^)(2.50 m) + Tis fs t 
= 262 m/s. 


b) Let &, =3.50m and p, =4.20x10° Pa. In the above expression for 
4.00 m— # 
,Ahk - h—1.00m and Ap = p,| ———* 
^ dias | 4.00m—h 
à —3.00m gives v—16.1 m/s and with #=2.00m, v=5.44 m/s. c) Setting v’ =0 in 
the above expression gives a quadratic equation in /; which may be re-expressed as 


- p,. Repeating the calculation for 


_ Po 050m 


(h —1.00 m) = 2 
pg pg400m-A 


Denoting Z+ = y 10204 mand 20030m) _ 


Ps PE 


z^ =21.43m’, this quadratic becomes 


k^ — (5.00 m 4 yi +((4.00 m)y + (4.00 m?)— z?)=0, 


which has as its solutions # = 1.737 m and & = 13.47 m. The larger solution is unphysical 
(the height is greater than the height of the tank), and so the flow stops when # —1.74 m. 


Although use of the quadratic formula is correct, for this problem it is more efficient 
for those with programmable calculators to find the solution to the quadratic by iteration. 
Using à = 2.00 m (the lower height in part (b)) gives convergence to three figures after 


four iterations. (The larger root is not obtained by a convergent iteration.) 
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18.64: a) Pee ME a E ILL eR CU Oud e a 
At At RTM — (0.08206 L -atm/mol- K)(293.15K)(3600s) 
=1:01x10" molecule[-36p:] 
b) (14.5 L)/60 min) EAN 


(0.5 L)(0.210— 0.163) 


c) The density of the air has decreased by a factor of (0.72atm/1.00atm) x 
(293K/273 K) = 0.773, and so the respiration rate must increase by a factor of =4;, 
to 13 breaths/min. If the breathing rate is not increased, one would experience “shortness 


of breath.” 


(6.023x 10? molecules/mol)(50kg) 


18.65: 3N —3nN, — 3(m/M)N, =3 
"S d a (18.0107 kg/mol) 


= 5.0x 107 atoms. 


18.66: The volume of gas per molecule (see Problem 18.28) is Ne? and the volume of a 


molecule is about V, = F(2.0% 10? my —3.4x10^? m. Denoting the ratio of these 


volumes as f, 


RY 4 (8.3145 J/mol-K)(300K) 
N,V, (6.023 10” molecules/mol)(3.4 x10 ? m?) 


= (1.2x10° Pa) f. 


“Noticeable deviations" is a subjective term, but f on the order of unity gives a pressure 
of 10° Pa. Deviations from ideality are likely to be seen at values of fsubstantially lower 
than this. 


18.67: a) Dividing both sides of Eq. (18.7) by the product RTF gives the result. b) The 
algorithm described is best implemented on a programmable calculator or computer; for a 
calculator, the numerical procedure is an interation of 


d 1- (429x107). 


(98x10) (0.448) 
~ | (8.3145)(400.15)  (8.3145)(400.15) 
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Starting at x — 0 gives a fixed point at x = 3.03 x10 after four iterations. The number 
density is 3.03x 10? mol/m?*. c) The ideal-gas equation is the result after the first 


iteration, 295 mol/ m*. The vander Waals density is larger. The term corresponding to a 


represents the attraction of the molecules, and hence more molecules will be in a given 
volume for a given pressure. 


18.68: 
M 28.0x10” kg/mol 2 -— 
a)U = mgh = — gk = | ——— — — —8————— (9.80 m/s*)(400m) - 1.32x10 * J. 
Pme lae me il afe ata 
T1 
b) Setting U = 3r, T= J es =8.80K. c)Itis possible, but not at 
2 31.38x10 * J/K 


all likely for a molecule to rise to that altitude. This altitude is much larger than the mean 
free path. 


18.69: a), b) (See figure.) The solid curve is U(r), in units of U,, and with x =r/R,. 
The dashed curve is F(r) in units of U, / R;. Note that 7 < r. 


12 6 

R 

c) When U - of = = d>) „ory =R, /2®. Setting F — 0 in Eq. (18.26) 
n 


"n 1 


gives r, = R, and A gs d)U(r,)-U(R,)- —U,, so the work required is U. 


E 


18.70: a) nRT -ipV - i(L01x10^Pas.00»107m?)- 7583. b) The mass of the 


gas is “®©, and so the ratio of the energies is 


AT? 
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MpV _ 2 2 -3 2 
15-v (Mv _1 (2016x107 kg/molJ30.0 m/s) — 


22pV 3RT 3 (8.3145J/mol-K\300K) 


18.71: a) From Eq. (18.19) 


= {3(8.3145 J/mol- K) (300.15 K) /(28.0»10? kg/mol) = 517 m/s. 
b) vs/ V3 — 299 m/s. 


-33 
IEA Ta = Pee ye eae 38x10? J/K) (5800 K) a Dauid nda 


(1.67» 10 7 kg) 
mii 2 2 30 
) 2GM _ |2(6.673x10 Nn E E ke) _ c 18:10" m/s. 
R (6.96 «10° m) 


c) The escape speed is about 50 times the rms speed, and any of Fig. (1 8.20) Eq. 
(1 8.32) or Table (18.2) will indicate that there is a negligibly small fraction of molecules 
with the escape speed. 


18.73: a) To escape, the total energy must be positive, K +U > 0. At the surface of the 
earth, U = — GmM/R = —mgR, soto escape K > mgR. b) Setting the average kinetic 
energy equal to the expression found in part (a), (3/ 2kT = mgR, or T = (2/3YmgR/ k) For 
nitrogen, this is 


_ 2 (28.0x 107 kg/mol)(9.80 m/s^)(6.38 x 10° m) 
3 (6.023 10^ molecules/mol)(1.381x 10 ^ J/K) 


=1.40x10 K 


and for hydrogen the escape temperature is (222) times this, or 1.01 x 10* K. c)For 


nitrogen, T —6.36x10* K and for hydrogen, 7 = 459 K. d) The escape temperature for 
hydrogen on the moon is comparable to the temperature of the moon, and so hydrosen 
would tend to escape until there would be none left. Although the escape temperature for 
nitrogen is higher than the moon's temperature, nitrogen would escape, and continue to 
escape, until there would be none left. 
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18.74: (See Example 12.5 for calculation of the escape speeds) 
a) Jupiter: 


v s=43(8.3145 J/mol- K)(140 K)/(2.02 x 10? kg/mol) —1.31x 10^ m/s = (0.0221 )v,. 


Earth: 


v s= 4/2(8.3145 J/mol-K\(220 K)/((2.02 x 107 kg/mol) =1.65x10 m/s = (0.146), 


b) Escape from Jupiter is not likely for any molecule, while escape from earth is 
possible for some and hence possible for all. 


c) v s 2 43(8.3145 J/mol- K)(200 K)/(32.0x 10? kg/mol) = 395 m/s. The radius of 


the asteroid is R — QM Ang)" — 4.68 10? m, and the escape speed is 
42GM/R = 542 m/s, so there can be no such atmosphere. 


18.75: a) From Eq. (18.19), 


-3 
m= JEP _ 30.381x10® YK)GOOK) _ 1 94510 kg 


vs? (0.001 m/s) 
b) mN /M = (1.24x10™ kgX6.023x10” molecules/mol)/(18.0x10” kg/mol) 
=4.16x10!! molecules. 


5 5 
e) D-2r- {= = 2 


X 4x 
29 3(1.24x10 ^ ke) 
Ax (920 ke /m^) 
which is too small to see. 


A 
= 2.95x10* m, 


18.76: From x= Acosat,v=—wd sin wt, 


Ua = Tra cos! cot) K f E =m 4' Gin! COL) e 


ave? av 


we" 


Using (sin^ 8), = (cos^ ),,, 21 and mw’ =k shows that K =U, 


18.77: a) In the same manner that Eq. (18.27) was obtained, the heat capacity of the 
two-dimensional solid would be 2R = 16.6 J/mol- K. b) The heat capcity would behave 
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qualitatively Hike those in Fig. (18.18), and heat capacity would decrease with 
decreasing temperature. 


18.78: a) The two degrees of freedom associated with the rotation for a diatomic 
molecule account for two-fifths of the total kinetic energy, so &,, = &RT — (1.00) 


(8.3145 J/mol: K)(300 K) = 2.4910" J. 


8 
b) £=2m(L/2)? =2 see kg/mol 
6.023 x10^ molecules /mol 


Jees x10" my 
=1.94 x10 7^ ky -1n*. 


c) Using the results of parts (a) and (b), 


os Sail Ne x ADK) 
I (1.94x10™ kg-m*)(6.023x10" molecules/mol) 


= 6.52 x10” rad /s, 


much larger than that of machinery. 


18.79: For CO,, the contribution to C., other than vibration is 


ŠR- 20.79 J/mol-K, and C,- 5-027006, 


For both SO» and H-5, the contribution to Cy other than vibration is 


SR = 24.94 J/mol: K, 
and the respective fractions of C, are 0.25 and 0.039. 


eS 3/2 
m 2 
y)dv = 4x y^ e rm HT, 
| FO) | ) ] 


m is 1 X 
= 4x} —— ——_ |, |—_—_—— = 1 
(| aie m/2KT 


18.80: a) 
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where the tabulated integral (given in Problem18.81) has been used. b) f(v)dv is the 
probability that a particle has speed between vand v+ dv;the probability that the particle 
has some speed is unity, so the sum (integral) of f(v) dv must be 1. 


18.81: With n —2anda — m/2KT,the integral is 


TED X jf a Bee 
2nkT } |B (m/2kTY N (m/2kT) m’ 


which is Eq. (18.16). 


2 32 
. - m 3 -mv fkr 
18.82: ] fi» = TEA P e dv. 


Making the suggested change of variable, v^ =x, 2v dv — dx, vdv = (1/2)x dx, the 
integral becomes 


ES " LA 
Jo = 2d = 


which is Eq. (18.35). 


18.83: a) See Problem 18.80. Because f(v)dv is the probability that a particle has a 
speed between vand v 4 dv, f (v)dv is the fraction of the particles that have speed in that 
range. The number of particles with speeds between v and v+ dv is therefore 

dN — Nf(v)dv and 


AN = N [V^ F(y)dv. 


b) v, = f=. and 
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m 2kT 4 
fo) TEDE 2 eda. 


= 3.95x10° m/s, and f(v)Av = 0.0421, keeping an extra 
figure. c) Increasing v by a factor of 7 changes 

f bya factor of 7’e“*, and f(v)Av = 2.94 x10”. d) Multiplying the 
temperature by a factor of 2 increases the most probable speed by a factor of 42. and the 
answers are decreased by 4/2; 0.0297 and 2.08 «10?' e) Similarly, when the 
temperature is one-half what it was parts (b) and (c), the fractions increase by 


42 t00.0595 and 4.15 x10 7. f) At lower temperatures, the distribution is more 
sharply peaked about the maximum (the most probable speed), as is shown in Fig. 
(18.20). 


For oxygen gas at 300 K, v. 


? View 


18.84: a) (0.60)(2.34 x 10^ Pa) = 1.40x 10? Pa. 


_ MpV  (180x10? kg/mol)(1.40x 10° Pa)(1.00 m?) _ 


18.85: The partial pressure of water in the room is the vapor pressure at which 


condensation occurs. The relative humidity is i = 42.6%. 


18.86: a) The partial pressure is (0.35)(3.78 x10° Pa) = 1.323» 10? Pa. This is close to 
the vapor pressure at 12°C, which would be at an altitude 
(30°C —12°C)/(0.6° C/100 m) = 3km above the ground (more precise interpolation is not 
warranted for this estimate). 

b) The vapor pressure will be the same as the water pressure at around 24°C, 
corresponding to an altitude of about 1 km. 


18.87: a) From Eq. (18.21), 
a= (Ax 2r (N/V! = (4x4 2(5.0 x10"! my (50x105 m?) 


—-4.5x10! m 
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b) 43(8.3145 J/mol- KY20 K)/(1.008 x 10? kg/mol) = 703 m/s, and the time between 


collisions is then (4.5 x10" m)/(703 m/s) = 6.4 x 10 s, about 20 yr. Collisions are not 
very important. c) 
p=(NÍV)kT =(50x10f m7)0.381x10 7 J/K)20K) - 1.4 10 Pa. 


" p. 3G(Nm/V KAxR 3). ka QV mR 
* YR Ze (8x/3)G(N/V mR 


= 482/3Y6.673 107! N-m'/kg^Y50x10* m™*)(.67 x10 kg) 
x (10x 9.4610! m) 
= 650 m/s. 


This is lower than vs, and the cloud would tend to evaporate. e) In equilibrium (clearly 
not thermal equilibrium), the pressures will be the same; from pF = NET, 
KT N/E isa = = KT, bua UN/V ) abuts 
and the result follows. f) With the result of part (e), 
VIN 6 3 
EE x DM |. (20K) ENE S = 210° K, 
VIN) isu (200 x10 m) 


more than three times the temperaure of the sun. This indicates a high average kinetic 
energy, but the thinness of the ISM means that a ship would not burn up. 


18.88: a) Following Example 18.4, Æ = =, which in this case becomes 


do Ma dy 
p R T,-ay 


Mg 
In] -Z |= tt ini, or p—py 2 
Po Re T; Ts 
b) Using the first equation above, for sufficiently small a, Ind- 7) & —7-, and this 


gives the expression derived in Example 18.4. 


which integrates to 


d b- (0.6«107 C°/m)($863 m) 


(288K) 


Mg (28.8x107)(9.80 m/s?) m 
Re (8.3145 J/mol- KX(0.6x10° C°/m) ` 


(the extra significant figures are needed in exponents to reduce roundoff error), and 


p, (0.8154y "5 = 0.315 atm, which is 0.95 of the result found in Example 18.4. Note: 


| — 0.8154, 
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for calculators without the x” function, the pressure in part (c) must be found from 
P= po exp((5.6576)1n(0.8154)). 


18.89: a) A positive slope Æ would mean that an increase in pressure causes an increase 
in volume, or that dacpessing: volume results in a decrease in pressure, which cannot be 
the case for any real sas. b) See Fig. (18.5). From part (a), p cannot have a positive 
slope along an isotherm, and so can have no extremes (maxima or minima) along an 
isotherm. When i vanishes alone an isotherm, the point on the curve ina p-V diagram 


must be an inflection point, and E =0 


uRT an? 
c) = a 
V-nub V 


ov? (V-ubyp Pe 


Setting the last two of these equal to zero sives 
V^nRT = 2an*(V — nb)’, V*nRT =3an (V —nb)’. 


c) Following the hint, V = (3/2«V — nb), which is solved for (V1), = 35. Substituting 
this into either of the last two expressions in part (c) gives T, = 82/27 Rb. 


RT a RGS) a a 
d p= dT LAE 
(Vn), -b (Vn), 2b 9b 27b 
5 ELO 
pV m)  ze.3b 3 


g) H,:3.28. N,:3.44. H,O:4.35. h) While allare close to 8/3, the agreement is not 


good enough to be useful in predicting critical point data. The van der Waals equation 
models certain gases, and is not accurate for substances near critical points. 


18.90: a) v,,=4(4+v,)andy,,, - Ev? +v, and 
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Xon SOF DO d aus) 


-36 +v - 2wv?) 
T "T 


This shows that v... 
same speeds. 


v,,5 With equality holding if and only if the particles have the 
b) v2. = LL (AVE, | w v, = AL (NV, | x), and the given forms follow 
immediately. 
c) The algebra is similar to that in part (a); it helps somewhat to express 


LEE 


= (NN 91) - 1», + 2Nv, u  ((N 1) - Nu?) 


" Sa 
eT aka ee agua: ys la 
N+1 (N+1) N+1 
Then, 
XE od OL it hi yee 
(N 1) BE 
- G2, 92) On - i). 
N41 (N41) 
If Vins > Vay, then this difference is necessarily positive, and vi > Vh- 


d) The result has been shown for N =1, and it has been shown that validity for N 
implies validity for N +1; by induction, the result is true for all N. 


19.1: a) 
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PA 


E 
b) pAV — RAT = (2.00 mol)(8.3145 J/mol- KX80 C°) - 1.3310? J. 


19.2: a) 


V 
b) Ifthe pressure is reduced to 40.095 of its original value, the final volume is 
(5/2) of its original value. From Eq. (19.4), 


W =nRT ln = = (3)(8.3145 J/mol- K)(400.15 K) inl 5) =9.15x10 J. 
1 


19.3: 


pV =nkT 
T constant, so when p increases, V decrease 
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b) From example 19.1, W — RT In(p,/ p;) for an isothermal process. 
T = 53.0 + 273.15 = 32615 K 


W=AA%10J The work done by the gas is negative because the volume decreases. 


19.4: At constant pressure, W = pAV =nRAT, so 


Ww 1.75x10° J 
nR (6 mol)(8.3145 J/mol- K) 
and AT. = AT., so T, = 27.0°C +35.1°C = 62.1°C. 


19.5: a) 
Pa 


b) At constant volume, dV = 0 andso W = 0. 


19.6: 


EA 


> 
y 


b) pA —(1.50x10* Pa) (0.0600 m^ — 0.0900 m^) — —4.50x 10" J. 
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19.7: a) 


Ph 


| 


—M———————— 
y 


b) In the first process, W, = pAV = 0. In the second process, 
W, = pAV =(5.00x10° Pa) (-0.080 m^) = —4.00x10* J. 


19.8: a) Wa = p, (V, - V, Fy = 0, Wy = p, (V, - V,) and W, =0. The total work done 
by the system is Wy, + Wy + Wu + Wa = (p, — p; XV; — Vj), which is the area in the p- V 
plane enclosed by the loop. b) For the process in reverse, the pressures are the same, but 
the volume changes are all the negatives of those found in part (a), so the total work is 
negative of the work found in part (a). 


19.9: Q—254 J, W — —73] (work is done oz the system), and so AU = O-W — 327 J. 


19.10: a) pAV = (1.8010? Pa)(0210m?) = 3.78 10* J. 
b) AU = Q-W -1.15x10? J 3.78 x10* J =7.72x10* J. 


c) The relations W = pAV and AU = Q— WW hold for any system. 


19.11: The type of process is not specified. We can use AU — Q — IF because this applies 
to all processes. 

Qis positive since heat goes into the gas; O = 1200 

W positive since gas expands; W = 42100 J 

AU — 12007 -2100J = —900 J 

We can also use AU — n(3 RAT since this is true for any process for an ideal gas. 


ERROR ILC RM ___ ee 


3nR — 3(5.00 mol)(8.3145 J/mol: K) 
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T, =f, + AT -127?C -14.4 C°=113°C 


19.12: At constant volume, the work done by the system is zero, so 
AU = Q—W =O Because heat flows into the system, Q is positive, so the internal 


energy of the system increases. 


19.13: a) pAV = (2.30x 105 Pa)-0.50 m3) = 1.15x 103 J. (b 


Q7 AU +W =-1.40x10° J+(-1.15x10° 7) 2 22.55 x10? J (heat flows out of the gas). 
c) No; the first law of thermodynamics is valid for any system. 


19.14: a) The greatest work is done along the path that bounds the largest area above the 
V-axis in the p- V plane (see Fig. (19.8)), which is path 1. The least work is done along 
path 3. b) W > 0 inall three cases; Q = AU +W ,s0 Q > 0 for all three, with the greatest 


Q for the greatest work, that along path 1. When Q > 0, heat is absorbed. 


19.15: a) The energy is 


(2.0 gY(4.0 kcal/g)-- (17.0 g)(4.0 kcal/g) -- (7.0 2)(9.0 kcal/g) = 139 kcal, 


and the time required is (139 kcal)/ (510 kcal/h) = 0.273h = 16.4 min.b)v = /2K/m = 


420039 x 10? cal) (4.186 J/cal)/(60kg) =139 m/s = 501 km/h. 


19.16: a) The container is said to be well-insulated, so there is no heat transfer. b) Stirring 
requires work. The stirring needs to be irregular so that the stirring mechanism moves 
against the water, not with the water. c) The work mentioned in part (b) is work done on 
the system, so TF < 0, and since no heat has been transferred, AU = -W > 0. 


19.17: The work done is positive from a to b and negative from b to a; the net work is the 
area enclosed and is positive around the clockwise path. For the closed path AU = 0, so 


Q-W >0.A positive value for Q means heat is absorbed. 

b) lol = 7200 J, and from part (a), Q > 0 and so Q = W = 7200 J. 

c) For the counterclockwise path, OQ = W « 0. W=- 7200], so Q = —7200 Jand heat 
is liberated, with |O[-7200 J. 
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19.18: a), b) The clockwise loop (I) encloses a larger area in the p-V plane than the 
counterclockwise loop (IT). Clockwise loops represent positive work and 
counterclockwise loops negative work, so W, > Oand W, « 0. Over one complete cycle, 
the net work WW, + Wp > 0, and the net work done by the system is positive. c) For the 
complete cycle, AU = Qand so W = Q. From part (a), W > 0 so Q > 0, and heat flows 
into the system. d) Consider each loop as beginning and ending at the intersection point 
of the loops. Around each loop, AU = 0, so Q = W; then, Q, = W, > 0Oand Q, = Wp <0. 
Heat flows into the system for loop I and out of the system for loop II. 


19.19: a) Yes; heat has been transferred form the gasses to the water (and very likely the 
can), as indicated by the temperature rise of the water. For the system of the gasses, 


Q«O0. 


b) The can is given as being constant-volume, so the gasses do no work. Neglecting the 
thermal expansion of the water, no work is done. c) AU =O-W=QO< 0. 


19.20: a) pAV = (2.026x 10? Paj(0.824 m° —1.00x 10? m^) 21.67 x 10? J. 
b) AU-Q-W -mL, -W 
= (1.00 kg)(2.20»10* J/kg)—1.67 10^ J = 2.03x10° J. 


19.21: a) Using Equation (19.12), dT = 22 = gag = 167.9K, or P= 948 K. 


EE 
PA 


» 


b) Using Equation (19.14), dT — 32 = omanan 7119.9 K, or T = 900K. 
P 


s 
19.22: a) C, AT = (0.0100 mol)(12.47 J/mol- K)(40.0 C°) = 4.99 J. 
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Y 
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b) nC,AT = (0.0100 molj(20.78 J/mol- K\(40.0 C°) = 8.313. 


PA 


» 
V 


c) In the first process, W = Obutin the second ¥ > 0. AU is the same for both, and so OQ 
is larger for the second. d) For an ideal gas, AU = nC, AT = 4.99 J for both parts (a) 
and (b). 

19.23: n = 5.00 mol. AT — +30.0 C? 


a) For constant p, 
Q - nC,AT = (5.00 mol)(20.78 J/mol- K(30.0 C?) = 43120 J 
Q 7 0 so heat goes into gas. 

b) For constant V, 
Q - nC,AT = (5.00 mol)(12.47 J/mol- K)(30.0 C°) = +1870 J 


Q7 0 so heat goes into gas. 


c) For constant p, 
Q - nC,AT = (5.00 mol)(36.94 J/mol- KY(30.0 C?) = +5540 J 


Q> 0 so heat goes into gas. 


19.24: For an ideal gas, AU = C, AT, and at constant pressure, 
PAV =nRAT. Using C, —- iR fora monatomic gas, 


3 3 3 
AU = (24) AT = ;PAV - z 400x10" Pa)(8.00x10^ m^ — 2.00x10™ m^)- 360 J. 
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19.25: For constant p, Q = nC, AT 
Since the gas is ideal, pV — nRT and for constant p, pAV — nRAT. 


Q- 264 = [S par 


Since the gas expands, AV » 0 and therefore Q » 0. Q >0 means heat goes into 
pas. 


19.26: For an ideal gas, AU = C, AT, and at constant pressure, W = pAV = uRAT. 
Using C, =4R for a monatomic gas, AU = n(5 DAT = 3 pAV — 5W. Then 
Q- AU +W -3W,so W/O -2. 


19.27: a) For an isothermal process, 


W — nRT ln (V, /V, ) = (0.150 mol)(8.3145 J/mol: KY(350.15 K)In(1/4) 
= —605 J. 


b) For an isothermal process for an ideal gas, AT = Qand AU — 0. c) For a process 
with AU =0, Q = W = —605 J; 605 J are liberated. 


19.28: For an isothermal process, AU = 0, so W = Q = —335 J. 


19.29: For an ideal gas y= C, /C, =1+ R/C,,and so C, = R/(y -1) = 
(8.3145 J/mol-K)/(0.127) = 65.5 J/mol-K and C, = C, +R = 73.8 J/mol-K. 


19.30: a) 
PR 


-- 


b) při- pF, = nR(f, -1,) 


= (0.250 mol)(8.3145 J/mol- K)(100.0 K) = 208 J. 
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c) The work is done on the piston. 
d) Since Eq. (19.13) holds for any process, 


AU = nC,AT = (0.250 mol)(28.46 J/mol- K)(100.0K) = 712 J. 


e) Either Q- nC,AT or Q- AU 4 W gives Q — 924x10" J to three significant 


figures. 
f) The lower pressure would mean a correspondingly larger volume, and the net 
result would be that the work done would be the same as that found in part (b). 


19.31: a) C, = R/(1- (1/y)), and so 
(2.40 molY8.3145 J/mol- K X5.0 C?) 
1—1/1.220 


= 553 J. 


Q=nC,AT = 


b) nC, AT =nC,AT /y = (553 (1.220) — 454 J. (An extra figure was kept for 
these calculations.) 


19.32: a) See also Exercise 19.36; 


, 33$ 
mem A| - (50x10: pa) 280M | _ 4 76510° Pa 
y, 0.0400 m 


b) This result may be substituted into Eq. (19.26), or, substituting the above form 
for p,, 


- 2 (1.50%10° Pa fo.0800 m° 1- (Sono - —1.60x10* J. 
i 0.0400 


c) From Eq. (19.22), (T, /7, )- (V, /V, Y^ = (0.0800/0.0400Y^ —1.59,and since 
the final temperature is higher than the initial temperature, the gas is heated (see the note 
in Section 19.8 regarding “heating” and “cooling.”) 


19.33: a) 
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^ 
b) (Use y = 1.400, as in Example 19.6) From Eq. (19.22), 
T, = T (V, /V,Y * - (293.15 KY11.1) = 768 K = 495°C 


and from Eq. (19.24), p, = p, (F, JV, Y = (1.00atmX11.1)  —29.1atm. 


19.34: y — 1.4 for ideal diatomic gas O = AU +W = 0 for adiabatic process 


ws = -| Pav 
PV* = const = BV? 


lori 
30L 


AU - - [cS av =p) 


~ytl 


Be ae Lid 
= -(1.2 atm) (30L)!* [toc act] 
= S0L-atm — 5.1x10? J. 


The internal energy increases because work is done or the gas (AU > 0). 
The temperature increases because the internal energy has increased. 
19.35: For an ideal gas AU = &C,AT'. The sign of AU is the same as the sign of AT. 


TV!" =T, V] and V =nRT/ p so, 

Tp,’ =T pr and T] -T' (p/p) 

p, < p, and y — lis positiveso 7, < 7,. AT is negative so AU is negative; the energy 
of the gas decreases. 


19.36: Equations (19.22) and (19.24) may be re-expressed as 
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a)y =$, p, = (4.00 atm)(2/3)* = 2.04 atm, T, = (350 K)(2/3)? = 267 K. 
b)y =2, p, = (4.00 atm) (2/3)* = 2.27 atm, T, = (350 K) 2/3 = 298K. 


19.37: a) 


V 


b) From Eq. (19.25), W =nC,AT = (0.450 mol) (12.47 J/mol- K) (40.0 C°) 


—224]. For an adiabatic process, Q = 0 and there is no heat flow. 
AU =QO-W -—W =-224 J. 


19.38: a) T = 2% = Golo ROG aÀ _ 301K. 


b) i) Isothermal: If the expansion is isotkermai, the process occurs at constant 


temperature and the final temperature is the same as the initial temperature, namely 
301 K. 


ii) Isobaric: 
pa 2Y (1.00x 10° Pa)(5.00x10 ^ m^) 


nR — (0.100 mol) (8.3145 J/mol- K) 
T- 601K 
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no GUKE 
iii) Adiabatic: Using Equation (19.22), T, = %5 = a = (301K))*' =189 K. 
1 


19.39: See Exercise 19.32. a) p, = p, (V, /V, Y — (1.10x 10? Pa) 
((5.00x 10? m? /1.100x 107 my)? = 4.50 x10* Pa. 
b) Usine Equation (19.26), 
W = (pF, PW) 
y-1 
— [0.1 10? N/m^y(5.0x107 m^)- (4.5x10* N/m^)0.0x10 ^ m^)] 
(1.29—1) : 


and thus W —345] 
c) (7; /7,) = (V, /V, y^ = ((5.00x10? m*)/(1.00 x10? m*))°* = 0.818. The final 
temperature is lower than the initial temperature, and the gas is cooled. 


19.40: a) The product pV increases, and even for a non-ideal gas, this indicates a 
temperature increase. b) The work is the area in the p — V plane bounded by the blue line 
representing the process and the vericals at V, and V, The area of this trapeziod is 


50. +p, XV, -V,) 5040 x10* Pa) (0.0400 m3) = 4800 J. 


19.41: |v| is the area under the path from 4 to B in the př -graph. The volume 
decreases, so W< 0. W 2 —1(500x 10^ Pa+150x10° PaX0.60 m^) 2 —1.95x10^ J 
AU — nC, AT 
pA ms. BÉ. ADep-poHA P 
nR nR nR 
AU - (C, /R\ p; V, — pV) 
AU = (20.85/8.315)((500» 10^ Pa)(0.20 m^) — (150x10* PaX(0.80 m^)] - —5.015x 10^ J 
Then AU = Q— W gives 
Q- AU +W =-5.015x10* J-1.95 10° J 2 —2.45x 10? J 
Q is negative, so heat flows out of the gas. 


19.42: (a) Q4, = AU, + Wy. - nC AT, + Ws, 
get AT. : PV - nRT >T = PV/nR 
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2 — 
ar, -m-rm-ERA EK. EX-EE, 
nR nR nR 


5 3 = 1 
_ (10x10 PaX0.010 m )-(1.0x10' Paj(0.0020 m )_ 359% 


AT. 
(4 mole)(8.31 J/mole K) 
W s =Areaunder PY graph = E (0.010— 0.002) m*(2.5 x 10? Pa) 


+ (0.010— 0.002) m" (1.0x 10? Pa) 
Wa =1.80x10° J 


AU, =nC AT, =n G J AT, 


(Smet (3) (s.n i Jessx)-120103 


3 2 mole K 
Qs =1.20x10° J+1.8x10° J= 3000 J into the gas 


(b) AU, in the same = 1200 J 


W,, = area = (0.010 — 0.002)m‘(1.0x 10° Pa)=800J 
Q, = AU,, + W,, =1200 J + 800 J = 2000 J into the gas 


(c) More heat is transfered in abc than in ac because more work is done in abc. 


19.43: a) AU =O-W = (90.0 J)-(60.0 J)- 30.0 J for any path between a and b. If 
#=15.0 J along path abd, then Q = AU +W —30.0J--15.0J — 45.0 J. b) Along the return 
path, AU = —30.0J, and Q = AU + W = (— 30.0 J)+ (-35.0 J) - —65.0 J; the negative sign 
indicates that the system liberates heat. 

c) In the process db,dV = O and so the work done in the process ad is 

1505; Q, -(U, -U,)--W,, = 18.00 J)+ (15.0 J)= 23.0J.In the process db, 

W —0andsoQ, =U, —U, —30.0J7—8.0J — 22.0]. 


19.44: For each process, Q = AU +W . No work is done in the processes ab and dc, and 
so W, = Wapo and WW, , = W a- and the heat flow for each process is: for a5,Q =90 :for 


adc? 
bc, Q = 440 J + 450 J = 890 J : for 22, OQ =180 J+120J = 300 J : for dc, Q = 350 J. for Q 
— 350 each process, heat is absorbed in each process. Note that the arrows representing 
the processes all point the direction of increasing temperature (increasing U). 
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19.45: We will need to use Equations (19.3), W = DY, -F Jand (17-4), AU =0-W. 


a) The work done by the system during the process: Along ab or cd, W=0. Along bc, 
W,. = pV. = V) Along ad, Waa = Pa (V. E V) 


b) The heat flow into the system during the process: Q = AU + W. 


AU s =U, —U,,300,, =U,-U,+0. 
AU, = U, -U,,so Oyo 4 (U,-U,)+ p.(V. -¥,) 
AU,, — Ug -U,, so Q4 — (U, -U, )+ paa - V.) 
AU, =U, - U,,soQ, -(U, -U,)- 0. 
C) From state a to state c along path abc : 
Wae = p V, -V,) Q4, =U, -U, 4 (U. -U,) p. (V. -V,)- (U, -U, p. (9. -V.) 
From state a to state c along path adc : 
Wae = p (V. -V,) Qu. = (U.-U,)* paVs - V.) 
Assuming p, > Pas Qae > Q,, and Wao > Waa 
d) To understand this difference, start from the relationship Q = W + AU. The internal 


energy change AU is path independent and so it is the same for path abc and path adc. 
The work done by the system is the area under the path in the pV-plane and is not the 
same for the two paths. Indeed, it is larger for path abc. Since AU is the same and W is 
different, O must be different for the two paths. The heat flow Q is path dependent. 


19.46: a) 
PCPu) 


6000 4 ¢ 


2000 4p 
Vim?) 


2.00 1.00 
b) W=W, +W, 4+, 4+, 
= 04+ area(bc)+ 04 area(dz) 
= (7.00 m? (2000 Pa) + (7.00 m° (6000 Pa) 
= —28,000 J; on the gas since WF < 0 


c) Q= AU +W = 04 (—28,000 J) = —28,000 J 
Heat comes out of the gas since O < 0. 
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19.47: a) We aren't told whether the pressure increases or decreases in process bc. The 
cycle could be 


p ^ p b 


or 


| T 
In cycle I, the total work is negative and in cycle II the total work is positive. For a cycle, 
AU -0,50 Qui = Fi 


The net heat flow for the cycle is out of the gas, so heat 
Q,, < Oand WF, , <0.Sketch I is correct. 


b) Fot = Qo = -800J 

Wot = Wa + ©. + Wa 

W, =0 since AV = 0. 

W = pAV since p is constant. But since it is an ideal gas, pAV = nRAT 
Wa —nR(T, —T,)= 1660] 

Wa = Wot —¥., =—800 J—1660 J= —2460J 
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19.48: Path ac has constant pressure, so W, = pAV = nRAT, and 


W,, —-nR(T, —T,) 
= (3mol)(8.3145 J/mol -K)492 K - 300K) = 4.789 x 10? J. 
Path cb is adiabatic (Q = 0), so W, = Q— AU — —AU = —nC, AT, and using 
C, eC, 4 


Wa =-n(C, — RET, 2.) 
= —(3mol)(29.1 J/mol- K — 8.3145 J/mol- K)(600 K — 492 K) = —6.735 x 10" J. 


Path ba has constant volume, so W, = 0. So the total work done is 
W-W,W,4W, 
= 4,789x10° J—6.735x10* J - 0 
=-1.95x10 J. 


19.49: a) 
p b 


i = f; 
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b) AU,, =Osince AT = 0 

Qu = Foe 

W = 0, since AV =0 

W, = pAV = (6.00x10* Pa)(0.300 m° — 0.700 m^) = -2.40 x104 J 
W,, =-2.40x10* J so Q,, =-2.40x10* J 


(32.5x10* 1) 
19.50: a) z = vá = (907 im d - 21.5 mol. 


b) AU = nC, AT = OS = (-2.5x10" J) 36 = —1.79x 10* J. 
c) W =0-AU =-7.15x10° J, 
d) AU is the same for both processes, and if 

dV — 0, W =0 andQ - AU =-1.79x10* J. 


19.51: AU = 0, and so Q = W = pAV and 
| W (2415x101) _ 


with the negative sign indicating a decrease in volume. 


19.52: a) 


PA 


a 


T 
b) At constant temperature, the product pV is constant, so 


Pn =F, (p,/ P ì=(1.5 TO ^ 6.00 L. The final pressure is given as being the same 


2.5010* 


as p, = p, = 2.5x 10^ Pa. The final volume is the same as the initial volume, so 
T, = Ti (p, p, ) - 75.0 K. c) Treating the gas as ideal, the work done in the first process is 


nRT (V, V.) ? p V, W(p,/ Po) 
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5 
— (1.00 10? PaY(1.5x 10? soya Lo 3 


2.50x10* Pa 
= 208 J, 


keeping an extra figure. For the second process, 


Ply -V;)- PLY —¥,)= py (dl - (p/p) 


= (2.50x 10* P3)(1.5x 10? s - 


5 
L00x10Pa| — 4, 
2.50 10* Pa 


The total work done is 208 J—113J — 95J. d) Heat at constant volume. 


19.53: a) The fractional change in volume is 
AV - V,BAT = (1.20x10 7 m*)(1.20x107 K  Y30.0K) = 4.32x10 * m*. 
b) pAV =(F/ AAV = ((3.00x10* N)/0.0200 m? )y4.32x 107* m?) = 648. 


c) O=mC,AT - V,pC, AT = (1.20x10* m^)(791 kg/m^Y2.51x10* J/kg -K)(30.0K) 
=7.15x10° J. 


d) AU =Q-W —- 7.15x10? Jto three figures. e) Under these conditions, there is no 
substantial difference between c, and c,. 


19.54: a) SATV, = (5.1x10 ^ (C9) (70.0 C9(2.00x10 7 = 2.86x10? m°. 
b) pAV —2.88 x10" J. 
C) O=mCAT = pV CAT 
— (8.9 x105 kg/m? (8.00x10^* m*)(390 J/kg- KY(70.0C9) 
— 1944 J. 


d) To three figures, AU = Q—1940 J. e) Under these conditions, the difference is not 
substantial. 


19.55: For a mass m of ejected spray, the heat of reaction Z is related to the temperature 


rise and the kinetic energy of the spray by mL = mCAT — (1/2)mv’, or 
p= CAT-—y = (4190 J/kg -K)(80 C*)- 7 Q9 m/s) -3.4x10? J/kg. 
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19.56: Solving Equations (19.22) and (19.24) to eliminate the volumes, 
pU! = pp T] or T = «(4 

P» 
Using y == for air, 7, = (273.15 Ky(1sc* y — 449 K, which is176?C. 


2.80x10* 


jat 
7 


19.57: a) As the air moves to lower altitude its density increases; under an adiabatic 
compression, the temperature rises. If the wind is fast-moving, Q is not as likely to be 
sienigicant, and modeling the process as adiabatic (no heat loss to the surroundings) is 
more accurate. b) See Problems 19.59 and 19.56: The temperature at the higher 
pressure is 

T, = (258.15 K)((8.12x10* Pa)/(5.60 x 10* Pa))"* = 287.1 K, which is13.9°C and so the 


temperature would rise by 11.9 C°. 


www.FreeLibros.me 


19.58: a) 


b) The work done is 
W = po QI, -,) ta V) p 495). 

Ps = p, QV, / AV," and so 
W = poi [1 S) 


Note that p,is the absolute pressure. c) The most direct way to find the temperature is to 


find the ratio of the final pressure and volume to the original and treat the air as an ideal 
gas; 


V, V, (Y, iy 
sende) or 


pV V r 


; Pha Ph C, ; 
d) Since n 2 ——-,Q- C, + R27, —T, )= p,V,| — +1 | This amount of 
) n RT, Q RT, ( v X o ;) Po ( R ) 


heat flows into the gas. 


19.59: a) From constant cross-section area, the volume is proportional to the length, and 
Eq. (19.24) becomes L, = L (p, /p, ' and the distance the piston has moved is 


Lip 1 01x10 P 171.400 
Ed e£ EX. [ipsa | Soc nn 
Po 5.21x10° Pa 


= 0.173 m. 
b) Raising both sides of Eq. (19.22) to the power y and both sides of Eq. (19.24) to 


the power y—1, dividing to eliminate the terms V," and V7 and solving for the ratio 
of the temperatures, 


1-(1/ y) 521x105 P 1-(1/1.400) 
ns (2s) = (300.15 SIE Re) = 480K = 206°C. 
" 1.01x10° Pa 


Using the result of part (a) to find Ż, and then using Eq. (19.22) gives the same result. 
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c) Ofthe many possible ways to find the work done, the most straightforward is to use 
the result of part (b) in Eq. (19.25), 


W = nC, AT = (20.0 molY20.8 J/mol- K Y179.0 C?) - 7.45 x 10^ J, 


where an extra figure was kept for the temperature difference. 


19.60: a) 


—»- 
V 


b) The final temperature is the same as the initial temperature, and the density is 
proportional to the absolute pressure. The mass needed to fill the cylinder is then 


5 
jim poy 2 miosis) a sapere a E 1 Pac 


I =1.02 x10” kg. 
P. 1.01x 10^ Pa 


The increase in power is proportional to the increase in pressure; the percentage increases 
is 155 -31-044- 44. C) The temperature of the compressed air is not the same as the original 


temperature; the density is proportional to the pressure, and for the process, and modeled 
as abiabatic, the volumes are related to the pressure by Eq. (19.24), and the mass of air 
needed to fill the cylinder is 


My E 
p à ca (145x107 Pa 
-a|-E-| -0.23 kg/m!) (575x105 m? E5917 ta 
TUS (2 pup pu 


a 


=9.16x10™ kg, 


an increase of (1.45/1.01)'"™ —1=0.29 = 29% 


19.61: a) For as isothermal process for an ideal gas, 

AT = Qand AU = 0, so Q = W = 300 J. b) For an adiabatic process, O = 0, and 

AU =—W =-300 J. c) For isobaric, W = pdV = nRdT, ord? = £. Then, Q=nC dT 
and substituting for dT gives 
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Y = 5 (300 J). Thus, Q = 750J. To find AU, use AU = nC, dT. 


tO 
Il 
z 
C 
I 
f 
[s 
3 © 
Il 
ps 
Es 


-n($ R= 2W =450]. 


19.62: a) 


b) The isobaric process doubles the temperature to 710 K, and this must be the 
temperature of the isothermal process. c) After the isothermal process, the oxygen is at its 
original volume but twice the original temperature, so the pressure is twice the original 
pressure, 4.80 10? Pa. d) Break the process into three steps. 

W, =-nRF, 2 —(0.25 mol)(8.3145 J/mol- K)(335 K) = -738 J; 

W, =nRT ln (p, / p;) = "RT, ) In(1/2) = (0.250 mol)(8.3145 J/mol- K)(710K)(.693) = 10: 

W, = 0 (becaused¥ = 0). 

Thus, F = 285 J. 


19.63: a) During the expansion, the Kelvin temperature doubles and 

AT = 300K. W = pAV = nRAT = (0.250 mol)(8.3145 J/mol-K)(355K) = 738J,Q =nC, AT = 
(0.250 mol\(29.17 J/mol. K)(355K) = 2590J and AU = nC, AT = Q-W =1850J. b) The 
final cooling is isochoric; dV = 0 and so W = 0. The temperature change is 


AT =-355K, and Q = AU = nC, AT ——1850J. c) for the isothermal compression, 
AT = Qand so AU =0. 


19.64: a) 
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V 


b) Atconstant pressure, halving the volume halves the Kelvin temperature, and the 
temperature at the beginning of the adiabatic expansion is 150K. The volume doubles 


during the adiabatic expansion, and from Eq. (19.22), the temperature at the end of the 
expansion is (150 K)(1/2) ^ — 114K. c) The minimum pressure occurs at the end of the 


adiabatic expansion. During the heating the volume is held constant, so the minimum 
pressure is proportional to the Kelvin temperature, 


Paa = (0.80x 10? P3(113.7 K/300 K) = 6.82 x 10* Pa. 


19.65: a) W = pAV = nRAT = (0.150 mol)(8.3145 J/mol: KY—150 K) - -187 J, 
Q - nC,AT = (0.150 mol)(29.07 J/mol-K)(-150K) = —654J, AU = Q- W = 467 J. 


b) From Eq. (19.24), using the expression for the temperature found in Problem 
19.64, 


W = ayy (0-150 mol)(8.3145 J/mol-K)(150K)(1 (1/27? ) 21131, 


Q =Q for an adiabatic process, and 

AU — Q— W =-W —- —113J. c)d¥ =0, so W = 0. Using the temperature change as found 

in Problem 19.64 and part (b), 

Q - nC, AT = (0.150mol)(20.76 J/mol-K)(300 K -113.7 K) = 580J, and AU =Q -W =Q= 580] 


19.66: a) W = nRT ln( )- nT In(3) = 329:10? J. 


b) See Problem 19.32(b); nC, 7,(1 — (1/33) = 2.3310? J. 


c) V, 2 3V, s0 pAV = 2pV, -2nRT, = 6.00x10° J. 


d) 
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T 

The most work done is in the isobaric process, as the pressure is maintained at its 
original value. The least work is done in the abiabatic process. e) The isobaric process 
involves the most work and the largest temperature increase, and so requires the most 
heat. Adiabatic processes involve no heat transfer, and so the magnitude is zero. f) The 
isobaric process doubles the Kelvin temperature, and so has the largest chanse in internal 
energy. The isothermal process necessarily involves no change in internal energy. 


19.67: a) 


_———— ee S 
V 
b) No heat is supplied during the adiabatic expansion; during the isobaric expansion, 
the heat added is nC, AT. The Kelvin temperature doubles, so AT = 300.15 K and 
Q = (0.350mo1)(34.60 J/mol -K)(300.15K) = 3.63x10° J. c) For the entire process, 
AT =0 and so AU=0. d)If AU=0, W -Q—3.63x10* J. e) During the isobaric 


expansion, the volume doubles. During the adiabatic expansion, the temperature 
decreases by a factor of two, and from Eq. (19.22) the volume changes by a factor of 


2/0) — 1995. and the final volume is (14x10~ m^)2^* = 0.114 m°. 


19.68: a) The difference between the pressure, multiplied by the area of the piston, 
must be the weight of the piston. The pressure in the trapped gas is p, + “= py +75. 
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b) When the piston is a distance 4+ y above the cylinder, the pressure in the trapped 


pas is 
mg h 
Gi ees 


and for values of y small compared to n = ( + xy ^ ] — 7. The net force, taking the 
stu 


positive direction to be upward, is then 


eaten] 


{E OS 
hy 


This form shows that for positive 2, the net force is down; the trapped gas is at a lower 
pressure than the equilibrium pressure, and so the net force tends to restore the piston to 
equilibrium. c) The angular frequency of small oscillations would be 


2 2 
Em mt gf ne } 


m h mg 


If the displacements are not small, the motion is not simple harmonic. This can be seen be 
considering what happens if y ~ —#; the gas is compressed to a very small volume, and 
the force due to the pressure of the gas would become unboundedly large for a finite 
displacement, which is not characteristic of simple harmonic motion. If y >> # (but not so 
large that the piston leaves the cylinder), the force due to the pressure of the gas becomes 
small, and the restoring force due to the atmosphere and the weight would tend toward a. 
constant, and this is not characteristic of simple harmonic motion. 


19.69: a) Solving for p as a function of V and T and integrating with respect to F, 


W = in pi mitt a Bet 
Y —nb V, V 


When a = b = 0, W = nRT In(V, JF, )as expected. b) Using the expression found in part 
(a), 
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i)W = (1.80 molY8.3145 J/mol- K ¥300K) 
zi 4.00x10^* m? )— (1.80 molY6.38x 107 EE 


2.00107 m? )- (1.80 molY6.38x 10? m° / mol 


à 1 1 
+-(0.554J-m?/mol’ (1.80 mol | ———— —- ——— —— 
/ X ) E m? 2.00x10^? =| 


= 2.80x 10? J. 
ii) &RT In(2) - 3.11 10^ J. 
c) 300 J to two figures, larger for the ideal pas. For this case, the difference due to 
nonzero a is more than that due to nonzero 5. The presence of a nonzero a indicates that 


the molecules are attracted to each other and so do not do as much work in the expansion. 
20.1: a) 2200J--4300J— 65001 b) = 0.338 = 33.8% 


20.2: a) 90007—6400J— 2600J. — b)2zo; = 0.289 = 28.994. 


20.3: a) 2% = 0.230 = 23.0%. 
b) 16,100 J—3700 J - 12,4007. 
c) eS 2004505 


4.60x10* Ike 


d) (3700 J)(60.0/s) = 222k W = 298 hp. 


20.4: a) Q= 1 Py = 8897023099. — 643310 J. 
b)Q- Pt = 643x10? J— (180x 10* W)(1.00s) = 4.63» 10? J. 


20.5: a) e = ŻE = 0.25= 25%. b)1300MW —330MW = 970 MW. 


1300 Mew 


20.6: Solving Eq.(20.6) for r, 
(1— y)Inr 2 In(1— €) or 
r= (1- e)? - (0.350 ?5 213.8. 


If the first equation is used (for instance, using a calculator without the x" function), note 
that the symbol “e” is the ideal efficiency , not the base of natural logarithms. 


20.7: a) T, =T r" = (295.15K)(9.5) * —726K = 453°C. 
b) p, = p,r' = (8.50x10* Pa)(9.50)' 21.99 x10" Pa. 
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20.8: a) From Eq. (20.6), e=1—r'* 21— (8.8) °* = 0.58 = 58%. 
b) 1— (9.6) ^^" = 6095, an increase of 2%. If more figures are kept for the 
efficiencies, the difference is 1.4%. 


20.9: a) jv |- Heel = 249:*1 — 1.62108 J. 
5)la«| = |g-| + [IW] - lae |a +4) = 5.02 »10* J. 


20.10: paw Bel 1 (Amy, scarp 
At KAt KV At. x 


1 n. ott fr. 60x10" J/kg)-- (485 J/kg -K)(2.5 K))- 128 W. 


~ 2.8| 3600 
5 4 
20.11: a) DEI TALS eA b) EER = H/ P, or 
60.08 
4 
Sha A oz DNE G. 43) - 0G. 413)- 727. 
[0.44 x 10? )/ (603) — (9.8 x10* J)/(60s)] 767 W 


20.12: a) O|- mQ;, + c, AT] + Cte ) 
= (1.80 kg) (334510? J/kg + (2100 J/kg - K(5.0K)- (4190 J/kg K)(25.0K)) 
= 8. 90x105 J. 


AT, 


waler 


c) | Qa l= W310. |= due Yuste s nba J (note that | Q; |= 
lQ 0-322 


20.13: 3)|Q, | -| Qe |= 5501— 33: - 2151. 
b) 7. = 2,00. |/| Qa D = (620K \(335I/550 J) 2 378K. 
c) 1- (Q. |/| Qa D= 1— (335 1/550 I) = 39%. 


20.14: a) From Eq. (20.13), the rejected heat is (2955(6450 J) = 3.72 10? J. 


520K 
b) 6450 J-3.72x10 J= 2.73x10 J. 
c) From either Eq. (20.4) or Eq. (20.14), e=0.423=42.3%. 
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T 
20.15: a = H= -H 
aI el a 


287.15 K) 

= (85.0 kg)(334x 10? J/kg 297-15 K) _ 3 ogg , 107 J, 
( g)(334x fke) 973 15K) x 

or 3.0910" J to two figures. b) [IW |=| Qa |-| Qc IH Qa |0- (5/73) 
(3.09x10" J)x (1- (273.15/297.15)) = 2.4910 J. 


20.16: a) From Eq. (20.13), (29E3(415 J) = 492 J. b) The work per cycle is 


20K? 


492 J—415J=77 J, and P = (2.75) x 4 = 212 W, keeping an extra figure. 


1.00s 


c) 7. /(Ta - 7.) = (270 K)/(50 K) = 5.4. 


20.17: For all cases, | F |=| Qa | -| Qo |. a) The heat is discarded at a higher temperature, 
and a refrigerator is required; | WW |=| Qe | ((7,,/7,.) 2 1) = (5.00 10" J) x 
((298.15/263.15)—1) 2 665J. b)Again, the device is a refrigerator, and 

| F |= Qe 1((273.15/263.15) - 1) 2190... c) The device is an engine; the heat is taken 
form the hot reservoir, and the work done by the engine is |  |- (5.00x 10* J) x 
((248.15/263.15) — 1) = 285]. 


20.18: For the smallest amount of electrical energy, use a Carnot cycle. 
OQ, Fi Oatodik tote c + O ossis = mcAT + mL. 
= (5.00 ke)(4190 x20 K)- (5.00 kg)(334 x 10° J/K) 


= 2.09x10° J 
" 6 
Camot cycle; S. — La 2.09x10J . Qu 
fo Wa 268K 293K 


O.,, = 2.28x10° Jünto the room) 
W =Q „a —Qm = 2.28 10° J—2.0910° J 
W =1.95x10° J(electrical energy) 
20.19: The total work that must be done is 
W. =mey = (500 ke)(9.80 m/s’) 00m) = 4.90x10° J 


Q4 =250J Find Q, so can calculate work W done each cycle: 
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A. X 

On = (T; [T;)Qa = (250 373.15 K)/(773.15K)]- -120.7 J 
W =Q, + Q, =129.3] 

Wa  4.09x10° J 


LC = 3790cycles. 
Ww 129.3] m 


The number of cycles required is 


20.20: For a heat engine, Q, =—Q, /(1—e)- — (-3000 J)/(1— 0.600)= 7500, 

and then W = eQ, = (0.600)(7500 J) = 4500 J. This does not make use of the given value 
of T. If T is used, then for a Carnot engine, T. = 7,,(1—e)= (800 K X1 — 0.600) = 320K 
and Qy = —Q.7, / To, which gives the same result. 


20.21: Q; — —mL, — —(0.0400kg 334 x 10° kg )- —1.33610* J 
CA. A 


a. 
Op = -(n,/7. Qo = -(-1.336 x 10° I](373.15K)/(273.15K)]=+1.825 x10 J 


W =0, +0, =4.89x10° J 


151x108 I 
260x105 J 


— 5895. While the most efficient 


20.22: The claimed efficiency of the engine is 


engine that can operate between those temperatures has efficiency Eomma =1- p = 3896. 


The proposed engine would violate the second law of thermodynamics, and is not likely to 
find a market among the prudent. 


20.23: a) Combining Eq. (20.14) and Eq. (20.15), 


l-e l-e 


1-(75/75,) (ü-(ü-e) e` 


b) As e 1, K 5 0;a perfect (e = 1) engine exhausts no heat (Q, = 0), and this is 
useless as a refrigerator. As e > 0, K — œ;a useless (e = 0) engine does no work 
(F = 0), and a refrigerator that requires no energy input is very good indeed. 


M 92-55. (0.350kg)(334x10° J/kg) _ 45. y. 


5 & (273.15k) 
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5 
b) -117x10J =—392 J/K. 
298.15K 
c) AS =428 J/K + (C392 J/K) = 36 J/K. (If more figures are kept in the 
intermediate calculations, or if AS = Q((1/273.15 K) — (1/298.15K)) 


is used, AS — 35.6 J/K. 


20.25: a) Heat flows out of the 80.0? C water into the ocean water and the 80.0? C 
water cools to 20.0? C (the ocean warms, very, very slightly). Heat flow for an isolated 
system is always in this direction, from warmer objects into cooler objects, so this 
process is irreversible. 


b) 0.100 ke of water goes form 80.0°C to 20.0? C and the heat flow is Q = mcAT = 
(0.100 kg)(4190 J/kg - K-60.0C?) = 2.154 x10* J 


This Q comes out of the 0.100 kg of water and goes into the ocean. 
For the 0.100 kg of water, 
AS = mc In(T, /T,) = (0.100 kg)(4190 J/kg - K)1n(293.15/353.15) 2 —78.02 J/K 
For the ocean the heat flow is Q— 42.154x10^ Jand occurs at constant T: 
4 
agna Y, aee] E 
T 293.15K 


= AS as HAS an 778.02 T/K 85.76 J/K = 47.7 J/K 


waler 


20.26: (a) Irreversible because heat will not spontaneously flow out of 15 kg of water into 
a warm room to freeze the water. 


(b) AS = AS, AS, 


JHA T eui 


_ (015.0 kgy34x10* J/kg) | — (15.0 kgX(334x10° J/kg) 
273K 293K 


=+1,250 J/K 
This result is consistent with the answer in (a) because AS > 0 for irreversible processes. 
20.27: The final temperature will be 
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(1.00 kgX20.0°C) + (2.00 cg (80.09C) 


= 60°C, 
(3.00kg) 


and so the entropy change is 


33315K 333.15K 
4190 J/kg- K)| (1.00 kg) In| ———-— | + (2.00 kg) In| — —— | | = 47.4 J/K. 
ks rf 8) GRE SM E23] / 


20.28: Foran isothermal expansion, 
AT = 0,AU = Qand Q = W. The change of entropy s£ —--6311/K. 


3315K 


20.29: The entropy change is AS = T and AQ = mL,. Thus, 


20.30: a) AS = £ =" = 09948070: is) _ 6.05x10° J/K. Note that this is the change 


of entropy of the water as it changes to steam. b) The magnitude of the entropy change 
is roughly five times the value found in Example 20.5. Water is less ordered (more 
random) than ice, but water is far Jess random than steam; a consideration of the density 
changes indicates why this should be so. 


Q mL, (18.0x10? ke)(2256x 10° J/kg) 


20.31: a) AS= = =109 J/K. 
E Xx (373.15 K) 
b) Ks (28.0x107 kg)(201x10^ J/kg) _ 7.8 J/K 
(77.34K) 
A (107.9107 kg)(2336x10^ J/kg) _ -1022 J/K 
(2466K) 
Hg: (200.6x107 kg)Q72x10" J/kg) _ 86.6 1/K 


(630K) 


c) The results are the same order or magnitude, all around 100 J/K .The entropy 
change is a measure of the increase in randomness when a certain number (one mole) 
goes from the liquid to the vapor state. The entropy per particle for any substance in a 
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vapor state is expected to be roughly the same, and since the randomness is much higher 
in the vapor state (see Exercise 20.30), the entropy change per molecule is roughly the 
same for these substances. 


20.32: a) The final temperature, found using the methods of Chapter 17, is 


(3.50 kgX(390 J/kg- K)(100 C°) 


Tu SA BASIC IEE A. — pp aor: 
(3.50 kg)(390 J/kg - K) + (0.800 kg)(4190 J/kg - K) 


or 28.9°C to three figures. b) Using the result of Example 20.10, the total change in 
entropy is (making the conversion to Kelvin temperature) 


302.09 K 
AS = (3.50kg)(390 J/kg - K)In| ————— 
( eX Do) EJ 


302.09 K 
+ (0.800 kg)(4190 J/kg -K)In| ———— 
( gx /kg yn eee | 


= 49.2 J/K. 


(This result was obtained by keeping even more figures in the intermediate calculation. 
Rounding the Kelvin temperature to the nearest 0.01 K gives the same result. 


20.33: As in Example 20.8, 


3 
AS = nR In| "2. |= (2.00 moly8.3145 J/mol-K) In SEEN EY. 
V 0.0280 m 


1 


=6.74 J/K. 


20.34: a) On the average, each half of the box will contain half of each type of 
molecule, 250 of nitrogen and 50 of oxygen. b ) See Example 20.11. The total change in 
entropy is 


AS = kN, In(2)+ kN, In(2)= (N, + N,)k In(2) 
= (600)1.381x10 7 J/K) In(2) = 5.74 x 10 ^ J/K. 

c) See also Exercise 20.36. The probability is (1/2) ^ x (1/2)^ = (1/27 = 24x10, 

and is not likely to happen. 


The numerical result for part (c) above may not be obtained directly on some 
standard calculators. For such calculators, the result may be found by taking the log base 
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ten of 0.5 and multiplying by 600, then adding 181 and then finding 10 to the power of 
the sum. The result is then 107°" x 10?* = 24x10 **. 


20.35: a) No; the velocity distribution is a function of the mass of the particles, the 
number of particles and the temperature, none of which change during the isothermal 


expansion. b) As in Example 20.11, w, = 4” w, (the volume has increased, and w, < w); 
In(w; / w,) = In 3") = N In(3),and AS = kN In(3)= AN, In(3) = &Rln(3) = 18.3 J/K. 

c) As in Example 20.8, AS = nR In(V, /V, E aR ln(3), the same as the expression used in 
part (b), and AS —18.3 J/K. 


20.36: For those with a knowledge of elementary probability, all of the results for this 
exercise are obtained from 


4 (1Y 
P k qu k T= n-k sss * =|, 
i- Gb t-il (z) 
where P(X) is the probability of obtaining k heads, n = 4and p =1— p =+4 for a fair coin. 
This is of course consistent with Fig. (20.18). 
a) 401/20 = (1/2) =~ for all heads or all tails. b) #(1/2)'==4. 

c) 40/27 = . d) 2x442x4+44=1. The number of heads must be one of 0, 1, 2, 3 or 
4, and there must be unit probability of one and only one of these possibilities. 


20.37: a) Q, —4400J, F = +300] 
W-Q-Q,,s0 Q, =W —Q, ——100J 
Qc To 


Since it is a Carnot cycle, == = — 
Qa Ta 


Ta = -£,(Q./Q,) = -(800.15K)|(—100 1)/(400 I)]= +200 K = -73°C 


b) Total Q, required is — mZ, = —(10.0kg 334 x 10° J/kg )=-3.34 x 10°J 
Q, for one cycleis — 100 J, so the number of cycles required is 
—3.34x10^J 


— MÀ ———- = 3.34 x10* cycles 
—100 J/cycle P 


www.FreeLibros.me 


20.38: a) Solving Eq. (20.14) for F, Zy = T. eT so the temperature change 


= 6, 
E E E A muse] 5. t. gn 
le jee 0.55 0.600 


b) Similarly, T, = 7, (1— e) and if 7; = Ty 


0.050 
0.600 


Rik <= qs3 sK 20% 


)- 15.3K. 


20.39: The initial volume is V, = 4 = 8.62 x107 m°. a) At point 1, the pressure 

is given as atmospheric, and p, —1.01»x 10^ E with the volume found above, V, = 
8.62x107 m°. V, = V, 28.62x10^ m’, and p, =È p, = 2p, = 2.03 x10° Pa 

(using p, = 1.013x10° Pa). p, = p, — 1.01 vill: Pa si^ -WE-1l4lx10*mt. 

b) Process 1 - 2 is isochoric, AV = 050 — 0. AU = Q = nC, AT = (0.350 molY5/2)x 
(8.3145 J/mol- KX300K )= 2.18 x10°J. The process 2 - 3 is adiabatic, Q = 0, and AU = 
-W = nC,AT = (0.350 mol)(5/2)(8.3145 J/mol- K (108K) 2 —786 J (F > 0). The 
process 3-lis isobaric; W = pAV = nRAT = (0.350 mol)(8.3145 J/mol- K)(-192 K) = 
—559J, AU = nC, AT = n(5/2)(8.3145 J/mol: K)(-192 K) = -1397 J and Q = 

nC,AT = (0.350 mol)(7/2)(8.3145 J/mol: KY(-192 K) — 51956 J = AU + W. c) The 
net work done is 786 ]— 559 J = 227 J. d) Keeping extra figures in the calculations for 
the process 1 - 2, the heat flow into the engine for one cycleis 2183 ] 21956 J =227 J. 
e)e- A = 0.104 — 10.495. For a Carnot - dp engine operating between 300 K 

and 600 K, the thermal efficiency is 1— $y = 0.500 = 50%. 


20.40: (a) The temperature at point c is 7, —1000 K since from pV = nRT, the maximum 
temperature occurs when the pressure and volume are both maximum. So 


pF. (6.00x10°Pa)(0.0300m! 
© RT, (8.3145 J/mol- K)(1000K) 
(b) Heat enters the gas along paths a5 and bc, so the heat input per cycle is Q, = 
Q -Fo +AU Path ab has constant volume and path bc has constant pressure, so 


— 2.16 mol. 
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Wo =W +, =0+4 p, (V. —¥,)= (6.00 10°Pa)(0.0300 m^ — 0.0100 m^) - 1.20 10* J. 


For an ideal gas, 
AU, — nC,(T, —7,)- C (pV. — p, V,)/ R,using nf = pV/R.For CO;,C, —28.46 J/molK, 
50 
_ 28.46]/mol-K 
* 8.3145 J/mol-K 


((6.00 x 10° Pa)(0.0300 m?) — (2.00 x 10° Pa)(0.0100 m?)) = 5.48 x 10° J. 
Then Q, =1.20x10*J+5.48 x10* J — 6.68 x 10* J. 

(c) Heat is removed from the gas along paths cd and da, so the waste heat per cycle is 

Qo = Qa = Wa + AU,,. Path cd has constant volume and path da has constant pressure, 

s0 

W, =W +W = 0+ p,(V, -V,) 2 (2.00x 10^ PaY(0.0100 m* — 0.0300 m )= —0.400 x 10^ J. 
From (b), 

AU,, =—AU,, — —5.48 x 10' J, so Q, =—0.400x10* J- 5.48 x10* J = —5.88 x10* J. 


(d) The work is the area enclosed by the rectangular path abcd, 
W - (p.— p,YXV, -V,), or ¥ = Q,  Q. = 668x10* J- 5.86» 10* J= 8000J. 


(e) e = W/Q,, = (8000 J)/(6.68 «10* J) = 0.120. 


20.41: a) W =1.00J, 7, = 268.15 K, 7, 2290.15 K 
For the heat pump Q, > Qand Q, <0 


W = Q,4+Q,,;combining this with 9c = ie gives 
H H 


wW 1.00 J 


E o uu 32] 
1-T./f, 1-(268.15/290.15) 


Qa 


b) Electrical energy is converted directly into heat, so an electrical energy input of 13.2 J 
would be required. 


W 


c) From part (a), Qy = LEIL 
TECI ZH 


-Qa decreaseas T, decreases. 


The heat pump is less efficient as the temperature difference through which the 
heat has to be “pumped” increases. In an engine, heat flows from 7, to 7. and work is 
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extracted. The engine is more efficient the larger the temperature difference through 
which the heat flows. 


20.42: (a) Q, =O, +2, 
Quis 
T =T, =T, = 327°C = 600K 


HE file yp ap _1 600K) = 200K 
S om B 3 


nRT, (2 moles)(8.31 LL X600K) 


BV, = nRT, > V, = MT mik ^ 0,0332 m 
B 3.0» 10? Pa 
EF, EF 


EY. vy -y2.- (0.0332 o>) = 0.0997 m? =V, 
p see cu 1 


c 


T, 
Monatomic gas :C, — 2 Rand C, - 2R 


Q, -nC,AT,-(2 moles $ [s.n 1 


mole K 


Jano K)- 9.97103 J 


Os - m, - [pav - [77s 


dV - nRT, ln! = «RT, ln3 
V, 


J 
moleK 


= 2.00 moles 5: 600.) in -11010 J 


Q.—0,;4 0, -2.0x10* 3 
5 J 
=O. -nC AT. = (2.00 moles) — || 8.31 
Gout = Pog = 1C AT, = ( alt mole K 


(b) QO- AU 4 w- 04 W >W - Q, -Qu -2.10x10* J-1.66x10° J=4.4x10 J 


Jano) -1.66x10J 


4.4x10°J 
SG a i _ 0 
e- WO = y 0x10 1 : 
(€) em = eai Z1- E1- E = 067 = 67% 


20.43: a) 
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b)Q, =+500J 

W = mgy = (15.0kg)(9.80 m/s^)(2.00 m)= 294 J 

W-Q.-Q,, Qo =W —Q, = 294]— 500 J = —206 J 

NUT 

Q K 

To - -14(0./Q,) = -(773 K)[(-206 J)/(500 J)] = +318 K = 45°C 

c)e = W/Q, = (294 J)/ (500 J) 2 58.896 

d) QO, =—206 J; wastes 206 J of heat each cycle 

e) From part (a), state a has the maximum pressure and minimum volume. 
nRT (2.00 mol)($.3145 J/mol- KY773K) 


20.44: a) e= 1- 22E = 7,0%. b) Zee = 40w -3,0 MW, 3.0MW -210kW = 
(4 —1)(210 kW) = 2.8 MW. 
6 
o m- d|Q.|/dt (2.8x10* W)(3600s/hr) - 


BM = 6x10 kg/hr = 6x10? L/hr. 
di cAT (4190 J/kg- K) (4K) 


20.45: There are many equivalent ways of finding the efficiency; the method presented 
here saves some steps. The temperature at point 3 is 7, = 47,, and so 


5 19 
On = AU, + Ws =n, (03, - 55)  Qpy)QV, - Ky) = 5 G) 2 poh = 3 Pv 


where n RT, = p,V, has been used for an ideal gas. The work done by the gas during one 
cycle is the area enclosed by the blue square in Fig. (20.22), W = p,V,, and so the 
efficiency is e = 7- — i — 10.596. 


20.46: a) p, = p, = 2.00 atm, 
V, =V 2 = (4.00L)(3/2) = 6.00L. V, =V, =6.00L, p, = p, -— p, (5/9) - 1.111atm, 
p, = pa = p,/2)- 1.67atm. As acheck, p, = p, 2 = p,(6/5)= 2.00 am. To 
summarize, 

(p, V, ) 7 (2.00 atm, 4.00 L) (p,,V,)- (2.00 atm, 6.00 L) 


(p, V,) - (1.111 atm, 6.00 L) (p, V,) 7 (1.67 atm, 4.00 L). 
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b) The number of moles of oxygen is n — a, and the heat capacities are those in 


Table (19.1). The product p,V, has the valuex =810.4 J; using this and the ideal gas law, 


i: Q=nC,AT = SfB- ] = (3.508)(810.4 11/2) 21422 1, 
1 
T, zi 
W = pAV =x 7-1 |= (810.4 J)(/2) = 405 J. 
1 
= C, T, -7 
ü: Q=nC,AT =£ x| 3. |= (2.508)810.4 DC- 2/3)- -1355 J, W=0. 
1 
ii: W=nRT, ae 


* 


| - du = (810.4 J\(5/6) In (2/3) = -274 J, Q- Y 


l 3 


z) = (2.508)(810.4 J)(1/6) = 339 J, W = 0. 


: C, 
iv: Q-nC,AT = S T 


In the above, the terms are given to nearest integer number of joules to reduce roundoff 
error. 


c) The net work done in the cycle is 405 J - 274 J — 131J. 


d) Heat is added in steps i and iv, and the added heat is 1422 J +339 J —1761J and the 


1311 
13761 T 


between 250K and 450K is1— is = 0.44 = 4495. 


efficiency is = 0.075, or 7.5%. The efficiency of a Carnot-cycle engine operating 


20.47: a) AU =1657kJ —1005k] = 6.52 x10° J, = pAV = (363x10° Pa)x 
(0.4513 m? — 0.2202 m) = 8.39x10* J and so Q= AU +W =7.3610° J. 
b) Similarly, 
Qa = AU — pAV 
= (1171 kJ — 1969 kJ) + (2305 x 10° Pa)(0.00946 m? — 0.0682 m?) 
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——9,33x10 J. 


c) The work done during the adiabatic processes must be found indirectly (the 
coolant is not ideal, and is not always a gas). For the entire cycle, AU = 0, and so the net 


work done by the coolant is the sum of the results of parts (a) and (b), —1.97«10° J. The 
work done by the motor is the negative of this, 1.97« 10^ J. d) K = gli 394 


20.48: For a monatomic ideal gas, C, = 2 Rand C, - 2 R. 
a) ab: The temperature changes by the same factor as the volume, and so 


Q-nC,AT- pW, ~¥,) = (2.5)(3.00 x 10° Pa)(0.300 m*) = 2.25x 10° J. 


The work pAF is the same except for the factor of 2, so W = 0.90 x10 J. 
AU 2 Q-W =1.35x10 J. 


bc: The temperature now changes in proportion to the pressure change, and 
Q- > (p, — p, XW, = (1.5(-2.00 x 10° Pa)(0.800 m°)=—2.40x10° J, and the work is zero 


AV =0).AU =Q-W =-2.40x10°J. 
( ) Q 


ca: The easiest way to do this is to find the work done first; W will be the negative of area 
in the p-V plane bounded by the line representing the process ca and the verticals from 


points a and c. The area of this trapezoid is + (3.00 x10° Pa +1.00x10° Pa) x 
(0.800 m° — 0.500 m^) = 6.00 x 10* J, and so the work is — 0.60 x 10^ J. AU must be 
1.05 x 10? J (since AU =0 for the cycle, anticipating part (b)), and so Q must be 
AU +W =0.45x10° J. 

b) See above; Q =W —0.30x10? J, AU — 0. 

c) The heat added, during process ab and ca, is 2.25x 10? J -0.45x 10^ J 
= 2.70x10° J and the efficiency is # = 224% — 0.111 — 11.196. 


2.:0x10* 


20.49: a) ab: For the isothermal process, AT = 0 and AU — 0.JF = nRT, In(V, /V,) = 
aRT In( l/r) =—nRT In(r), and Q=W — —nRT, In(r). bc: For the isochoric process, 

AV = Qand IW =0;0=AU = nC, AT = nC, (T, — T). cd: As in the process ab, 

AU = 0 and W = Q = nRT,ln(r). da: As in process bc, AV = Qand W = 0; 
AU-Q-nC,(T, —7,) b) The values of Q for the processes are the negatives of each 
other. c) The net work for one cycle is Wa = nR(T, — F )In(r), and the heat added 
(neglecting the heat exchanged during the isochoric expansion and compression, as 
mentioned in part (b)) is Qy = 2AF, In(r), and the efficiency is om =1- (7/7). This is 
the same as the efficiency of a Camot-cycle engine operating between the two 
temperatures. 
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T'-7- 
T oe 


20.50: The efficiency of the first engine is e, = ^ -7 and that of the second is e= 


and the overall efficiency is 


cer 7 
H 


The first term in the product is necessarily less than the original efficiency since 7" >T,, 
and the second term is less than 1, and so the overall efficiency has been reduced. 


20.51: a) The cylinder described contains a mass of air m — p(xd* / 4)£, and so the total 
kinetic energy is K = p(n/8)d^ Ly". This mass of air will pass by the turbine in a time 
¿= L/v, and so the maximum power is 

P- Z = p(x/8)d ^". 
Numerically, the product. p, (2/8; + 0.5kg/m^ —0.5 W .s'/ m 


13 6 1/3 
3.2x10° W)/(0.25 
ove) -[asweyayorar) cima 


c) Wind speeds tend to be higher in mountain passes. 


20.52: a) (105 kun 28. Ir eus SERT BST. 
25mi1.609km /  1gal 


b) From Eq. (20.6), e-1—7^* 21—(8.5) ^ 20,575 = 57.5%. 


9.89L/h ; 7 
c) | —— — — (0.740 kg/L 44.60x 10. J/kg }0.575)=5.38 x10 W = 72.1 bp. 
(25s 8/ X / e] ) p 


d) Repeating the calculation gives 1.4x 10*W = 19 hp, about 8% of the maximum 
power. 


20.53: (Extra figures are given in the numerical answers for clarity.) a) The efficiency 
is e-1—r?? = 0.611, so the work done is Q,e -122Jand|Q. |- 78J. b)Denote the 
length of the cylinder when the piston is at point c by Land the stroke as s. Then, 


Zo 
Zos 


=r, Ly —5and volume is 


L,4=— 754 =e 66.4 x10" m)z(41.25x10? m)? = 51.0x10 * m°. 
ia Z 
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c) The calculations are presented symbolically, with numerical values substituted at the 
end. At point a, the pressure is p, = 8.50x10* Pa, the volume is V, -5.10x 10 * m^as 
found in part (b) and the temperature is 7, — 300 K. At point b, the volume is V, — V, /r,the 
pressure after the adiabatic compression is p, = p,r’ and the temperature is 7, = T". 
During the burning of the fuel, from 5 toc, the volume remains constant and so 

F, =V, =¥V,/r. The temperature has changed by an amount 


(8.3145 J/mol- K)(200 J) 


= HEE ya 
(8.50x10° Pa (5.10 107* n (20.5 J/mol-K} * fE 


where fis a dimensionless constant equal to 1.871 to four figures. The temperature at c is 
then 7, —7, - £T, =f, (r + f): The pressure is found from the volume and 
temperature, p, = prb +f ) Similarly, the temperature at point d is found by 
considering the temperature change in going from d to a, 

L = (ie) 2 = (l—e)f F,,s0 7, =T, (1+ (1— &) £). The process from d to a is 

uC, nC, 

isochoric, so V, = V „and p, = p, (1-- (1— e) f). Asa check, note that p, = p.» '.To 
summarize, 


p V T 
& Bs Fa T, 
b pee Vir Tr" 
c prt’ +f) Ejr 607 4) 
d p(-(ü-ey) Y, T,(1+ d-e)f) 


Using numerical values (and keeping all figures in the intermediate calculations), 


p V T 
a 8.50x10*Pa 5.10x10*m? 300K 
b 2.32x10°Pa 4.81x10°m> 771K 
c 4.00x10°Pa 4.81x10?^m? 1330K 


d 147x10Pa 5.10x10%m* 518K 
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d) For this engine, e =| |/|Q,| -122 J/200 J = 61.0%. The maximum and minimum 
temperature are 1330 K and 300 K, and the efficiency is 1— 43% = 0.774 = 77.4%. 


ag AT 


20.54: (a) ——— k Si for furnaceand water 


AS _ AS | AS, 


"water 


At At At 
_KAAT]L | RAAT/L 


2 
_ (79.5 W/m-K) ise 1m (iox(- 1 1 
0.65m 100cm 523K 313K 


=+0.0494J/K-s 


(b) AS > 0 means that this process is irreversible. Heat will not flow spontaneously from 
the cool water into the hot furnace. 


20.55: a) Consider an infinitesimal heat flow dQ, that occurs when the temperature of 
the hot reservoir is T”: 


dQ, = -(T,/T^4Q, 
fao. - 1. 2s 


(2 


| Qc = Te = Fo | AS, | 


b) The 1.00 kg of water (the high-temperature reservoir) goes from 373 K to 273 K. 
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Q, =mcAT = (1.00 kgY(4190 J/kg- K)(100 K) — 4.19» 107 J 

AS, = meln(Z, /T,) = (1.00 kg)(4190 J/kg -K)1n(273/373) = 1308 J/K 
The result of part (a) gives| Q; |= (273 K)(1308 J/K) = 3.57x10° J 

Q, comes out of the engine, so Q, ——3.57 x10° J 

Then W =Q, + Q, = —3.57x10° J+. 4.1910" J — 6.2 10* J. 


c) 2.00 ke of water goes from 323 K to 273 K 
On, = mcAT = (2.00 ke (4190 J/kg -K)(50K)=4.19x10° J 


AS, = mc In(T, /T,) = (2.00 kgX(4190 J/kg - K)In(273/323) = 1.41 10° J/K 
OQ, = =F, (AS, [s 23:85xd0^.J 
W =0.+0,, =3.4x10*J 


d) More work can be extracted from 1.00 ke of water at 373 K than from 2.00 kg of 
water at 323 K even though the energy that comes out of the water as it cools to 273 K is 
the same in both cases. The energy in the 323 K water is less available for conversion 
into mechanical work. 


20.56: See Figure (20.15(c)), and Example 20.8. 
a) For the isobaric expansion followed by the isochoric process, follow a path 


from T to 27 to T. UsedQ = nC,dT or dQ = nC,dT to get AS = nC,1n2 + nC, In? = 
n(C, — C, )1n2 — nR n2. 


b) For the isochoric cooling followed by the isobaric expansion, follow a path from 
T toT /2toT. Then AS 2 nC,In5 - zC, In2=n(C, — C,)In - nR In 2. 


20.57: The much larger mass of water suggests that the final state of the system will be 
water at a temperature between 0°C and 60.0°C. This temperature would be 


(0.600 kg Y4190 J/kg- K Y45.0C?) 
— (0.0500 ke X(2100 J/kg - K X15.0C°) 
4334x107 J/kg) 


am E ee ÁÀÓÀ—Á ea 
(0.650kg)(4190 J/kg -K) 


keeping an extra figure. The entropy change of the system is then 
AS = (0.600 ke)(4190 J/kg- Ky( 0 ) 


318.15 
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r 


@1003/kg: K) In (27535) 


258.15 
334 x10" J/kg 


+ (0.0500 kg) Tm 


=10.5 J/K. 


+ (4190 J/kg - K)In (as) 


273.15 
L 


(Some precision is lost in taking the logarithms of numbers close to unity.) 


20.58: a) For constant-volume processes for an ideal gas, the result of Example 20.10 
may be used; the entropy changes are nC, In(7, /7,) and. nC, In(7, /T,). b) The total 
entropy change for one cycle is the sum of the entropy chanses found in part (a); the 
other processes in the cycle are adiabatic, with O = 0 and AS = 0. The total is then 


AS — nC, nesae, In^ — nC, In LT. J 
1, T, TT, 


From the derivation of Eq. (20.6), 7, =r" 'T, and T, =r""T,, and so the argument of the 


logarithm in the expression for the net entropy change is 1 identically, and the net entropy 
change is zero. c) The system is not isolated, and a zero change of entropy for an 
irreversible system is certainly possible. 


20.59: a) 


b) From Eq. (20.17), d5 = E „andso dO = T dS, and 
Q- [ag [ras 
which is the area under the curve in the FS plane. c) Q4 is the area under the rectangle 
bounded by the horizontal part of the rectangle at 7,,and the verticals. | Qo | is the area 
bounded by the horizontal part of the rectangle at 7, and the verticals. The net work is 
then Qa- |@e |, the area bounded by the rectangle that represents the process. The ratio 
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of the areas is the ratio of the lengths of the vertical sides of the respective rectangles, and 
the efficiency is e = i = xd . d) As explained in problem 20.49, the substance that 
mediates the heat exchange during the isochoric expansion and compression does not 


leave the system, and the diagram is the same as in part (a). As found in that problem, the 
ideal efficiency is the same as for a Carnot-cycle engine. 


m o 
20.60: a) AS =$ =- = -UA 158 = 143 J/K. 
Q m (0.160 keX 334 x 10^ T/kg) 
b)AS = 2 = "4. Gigs ke _ Er ze 1ta 196 J/K. 


c) From the time equilbrium has been reached, there is no heat exchange between the 
rod and its surroundings (as much heat leaves the end of the rod in the ice as enters at 
the end of the rod in the boiling water), so the entropy change of the copper rod is 
zero. d) 196 J/K — 143 J/K = 53 J/K. 


20.61: a) AS = mcln(T,/T,) 
— (250x107 kgY(4190J/kg - K)n(338.15 K/293.15 K) 
-150J/K. 


b) AS = zmer = CHO kao emiGsi15k-55.59).— 120 J/K. c) The sum of the result of 
eleaent. * 


parts (a) and (b) is AS... = 30J /K. d) Heating a liquid is not reversible. Whatever the 
energy source for the heating element, heat is being delivered at a higher temperature 


than that of the water, and the entropy loss of the source will be less in magnitude than 
the entropy gain of the water. The net entropy change is positive. 


20.62: a) As in Example 20.10, the entropy change of the first object is me In(7/7,) and 
that of the second is »;c;In(7"/T ,) , and so the net entropy change is as given. Neglecting 
heat transfer to the surroundings, O, + Q, = 0, mic (T —T,)+ m,c,(T' —T,) = 0, which is the 
given expression. b) Solving the energy-conservation relation for 7 ‘and substituting 
into the expression for AS gives 


AS = m,c|ln a + m;cjn 4 — 755v T 5 | 
T mah T, 


Differentiating with respect to 7 and setting the derivative equal to 0 gives 
gaat g (mac, myc, /m;c;)C YT, ) 


7 , 
i" (mjc, fmc) p E ij 
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This may be solved for 


T- mcf, * m;c,T, 

mc, + mc, 
which is the same as 7" when substituted into the expression representing conservation 
of enerey. 


Those familiar with Lagrange multipliers can use that technique to obtain the relations 
DOG m Pe 


ar ar’ or’ aT’ 
and so conclude that 7 =F’ immediately; this is equivalent to treating the differentiation 
as a related rate problem, as 
Beg PS, Me 


aT’ S Cg" adr 
gives T = T” with a great savings of algebra. 


and using ££ — — 79 


c) The final state of the system will be that for which no further entropy change is 
possible. If 7 <T‘, it is possible for the temperatures to approach each other while 


increasing the total entropy, but when T = 7", no further spontaneous heat exchange is 
possible. 


20.63: a) For an ideal gas, C, = C, + R, and taking air to be diatomic, 
C, -iR,C,-ZRandj;- +4. Referring to Fig. (20.6), 
Qu = n3 RT, -7,) - 5 (p, V, — PV) Similarly, Qo = n2 R(p,V, — PaVa). What needs 
to be done is to find the relations between the product of the pressure and the volume at 
the four points. 

For an ideal gas, E =4 = *, so p,V.- p,V, (=) For a compression ratio r, and 


given that for the Diesel cycle the process ab is adiabatic, 


EA 
PAV, = BV, a -pEU. 
b 


y-l 
Similarly, pV; = p, V. ü .Note that the last result uses the fact that process da is 


a 


isochoric, and V, =¥,; also, p, = p, (process bc is isobaric), and so V, = A Then, 


aa cau 1 
me eae A 
LEE’ AMVs 
T 
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